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INTRODUCTION 


The  point  efficiencies  of  various  types  of  fuze  related  step-up  gear  trains 
were  investigated  and  insights  concerning  the  reasons  for  the  resulting  differ¬ 
ences  in  these  efficiencies  are  provided.  The  investigation  also  represents  an 
application  and  extension  of  the  tools  furnished  in  Fuze  Gear  Train  Analysis 
(FGTA)  (ref  1). 

The  FGTA  report  (ref  1)  deals  primarily  with  the  derivation  of  expressions 
and  their  subsequent  computer  formulation  for  point  and  cycle  efficiencies  of  two 
and  three  pass  step-up  gear  trains ,  with  involute  or  clock  gear  teeth,  which  must 
operate  in  a  spin  environment.  These  programs  are  easily  modified  to  simulate 
nonspin  environments.  In  addition,  derivations  and  computer  programs  are  given 
for  efficiency  analyses  of  single  pass  Involute  and  clock  gear  meahes  which  oper¬ 
ate  In  nonspin  environments.  The  report  also  contains  a  program  for  the  design 
of  the  unity  contact  ratio  involute  meshea  having  unequal  addenda,  which  were 
used  in  the  study. 

The  present  report  gives  the  results  of  the  efficiency  comparisons  between 
Involute  and  clock  gear  two  and  three  pass  step-up  gear  trains  which  operate  in 
spin  and  nonspin  environments. 

To  perform  these  comparisons  and  to  make  their  results  as  meaningful  as 
possible,  a  number  of  preliminary  tasks  had  to  be  carried  out.  Since  no  American 
standard  for  the  design  of  clock  tooth  gear  and  pinion  sets  could  be  found,  n 
computer  program  was  written  which  uses  British  Standard  No.  978  (ref  2).  The 
three  pass  step-up  gear  trains  were  modeled  after  the  M125A1  (brass)  safety  and 
arming  device,  and  since  no  comparable  two  pasB  step-up  train  was  initially 
available  a  two  pass  train  with  essentially  the  Bame  step-up  ratio  was  designed. 

In  order  to  simulate  the  randomness  of  the  gear  train  assembly  and  to  start 
the  simulations  with  the  worst  possible  starting  conditions,  the  initialization 
parameters  have  heen  introduced  into  the  programs.  These  parameters  make  it 
possible  to  Btart  the  motion  of  any  mesh  anywhere  between  OX  and  100X  of  the 
total  angle  from  earliest  to  latest  tooth  contact  in  a  single  tooth  cycle  of  the 
driving  gear.  The  worst  starting  condition  for  an  involute  mesh  occurs  at  the 
start  of  approach  action,  i.e.,  when  J.  equals  zero.  For  a  clock  gear  mesh  it 
occurs  at  the  end  of  the  recess  action  when  equals  unity. 

To  learn  more  concerning  the  geometrical  factors  which  influence  the  point 
efficiencies  of  multipass  step-up  gear  trains,  additional  analyses  pertaining  to 
compound  gears  and  single  pass  meshes  with  Involute  and  clock  type  teeth  were 
performed.  It  was  found  that  the  distance  of  the  line  of  action  of  the  resultant 
force  of  the  driving  gear  on  the  driven  pinion  from  the  friction  circle,  associ¬ 
ated  with  the  pinion  pivot,  ie  an  important  indicator  of  efficiency  in  step-up 
meshes.  This  distance,  which  depends  on  a  number  of  parameter#  in  addition  to 
pivot  radius  and  coefficient  of  friction,  may  be  used  as  an  optimization  criteri¬ 
on  in  future  work. 


SUMMARY 


Friction  Circle  and  Efficiency  of  Single  Gear  and  Pinion  Combination 

The  concept  of  the  friction  circle  waa  reviewed  and  related  to  the  efficien¬ 
cy  of  a  compound  gear  and  pinion.  The  resulting  expression,  associated  with  this 
simple  model  in  which  the  input  force  acts  on  the  pinion  while  the  equilibrating 
output  force  acts  on  the  gear,  indicated  that  the  input-output  efficiency  is  a 
function  of  the  distance  of  the  line  of  action  of  the  input  force  from  the  fric¬ 
tion  circle.  The  larger  thiB  distance,  the  greater  becomes  this  efficiency. 
Locking  will  occur  if  this  distance  becomes  zero  or  the  line  of  action  passes 
inside  the  friction  circle. 


Efficiency  Comparison  Between  Involute  and  Clock  Gear  Type  Single  Pass 
Step-up  Gear  Trains 

Computer  comparison  of  point  efficiencies  for  increasingly  severe  friction 
conditions  between  invoLute  and  clock  gear  single  pass  step-up  gear  trains  are 
presented  here.  Subsequently,  analytical  expressions  for  the  distance  of  the 
line  of  action  of  the  resultant  force  of  the  gear  on  the  pinion  from  the  pinion 
axis  are  given  for  both  types  of  gearing  and  discussed.  (The  distance  to  the 
pinion  axis,  rather  than  the  one  to  the  friction  circle  waa  choooen  for 
simplicity. ) 


Comparing  the  point  efficiencies  of  the  two  typea  of  gear  trains  revealed: 

1.  Regardless  of  the  magnitude  of  the  coefficient  of  friction,  '  the 
point  efficiency  at  initial  contact,  i.e.,  at  the  earliest  possible  position 
during  approach  action,  is  always  higher  for  the  clock  gear  mesh  than  for  the 
Involute  mesh.  This  effect  becomes  especially  pronounced  for  higher  values  of 
the  coefficient  of  friction,  when  the  involute  mesh  indicates  a  tendency  to 
lock.  This  result  may  explain  the  greater  tolerance  of  clock  tooth  trains  when 
foreign  material  is  unintentionally  present. 

2.  The  maximum  point  efficiencies  of  both  types  of  meshes  are  essen¬ 
tially  the  same  for  a  given  coefficient  of  friction  and  occur  at  or  near  the 
pitch  point. 


3.  The  efficiencies  of  both  types  of  meshes  decrease  during  recess 
action  w  the  greater  decrease  taking  place  in  the  clock  gear  configuration. 

4.  As  a  consequence  of  the  above,  the  worst  starting  condition,  i.e., 
the  greatest  danger  of  stalling  due  to  a  limited  input  moment  and  a  high  coeffi¬ 
cient  of  friction,  is  associated  with  the  beginning  of  approach  action  for  invo¬ 
Lute  meshes  and  the  end  for  recess  action  for  clock  gear  meshes. 
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The  following  conclusions  were  obtained  from  work  performed  concerning  the 
distance  of  the  Line  of  action  of  the  resultant  force  of  the  gear  on  the  pinion 
from  the  pinion  axis  In  involute  mashes: 

1.  An  increase  of  the  coefficient  of  friction  causes  a  decrease  In 
this  distance,  becoming  especially  pronounced  at  initial  contact  if  the  approach 
angle  is  large- 


2.  The  distance  is  generally  smaller  during  approach  action  than 
during  recess  action. 

3-  An  increase  in  the  step-up  ratio  of  a  meBh  in  which  the  pinion  re¬ 
mains  the  same  causes  a  small  decrease  in  the  distance. 

4.  When  the  pitch  radius  of  the  pinion  la  large,  this  distance  becomes 

larger. 

5.  An  increase  in  the  pressure  angle  of  a  given  mesh  decreases  this 
distance  from  the  line  of  action  of  the  force  to  the  pinion  axis. 


Comparing  clock  gear  and  involute  raesheB  relative  to  the  line  of  action  of 
the  force  of  the  gear  on  the  pinion  from  the  pinion  axis  revealed: 

1.  Just  as  the  point  efficiency  at  initial  contact  is  higher  for  the 
clock  guar  meshes  than  for  Involute  meshes,  regardless  of  the  magnitude  of  the 
coefficient  of  friction,  the  distance  is  always  larger  for  clock  meshes  at  Chat 
Instant.  This  difference  in  magnitude  becomes  more  pronounced  as  the  coefficient 
of  friction  increases. 

2.  The  Increase  of  the  distance  as  approach  action  progresses  is 
smaller  for  comparable  clock  raesheB  than  for  involute  meshes.  At  the  pitch 
point,  the  distance  is  essentially  the  same  for  both  types  of  configurations. 
During  recess,  this  distance  decreases  more  for  clock  meshes  than  for  Involute 
meshes  because  the  approach  angle  is  larger  in  involute  meshes  while  the  reverse 
is  true  for  the  recess  angle. 


There  is  a  proportional  relationship  between  the  distance  of  the  line  of 
action  from  the  pinion  axis  and  the  point  efficiency  for  any  given  contact  condi¬ 
tion,  and,  therefore,  any  geometrical  change  which  increases  this  distance  will 
also  increase  the  point  efficiency. 

Since  the  point  efficiency  of  Involute  meshes  is  only  undesirable  at  the 
very  beginning  of  the  approach  action,  any  modification  which  decreases  contact 
before  the  pitch  point,  while  maintaining  an  acceptable  contact  ratio,  may  pro¬ 
duce  gear  meBhea  with  generally  higher  point  efficiencies  than  are  found  in  clock 
gear  meshes. 


Efficiency  Comparisons  Between  Involute  and  Clock  Two  and  Three  Pass 
Step-up  Gear  Trains  in  Spin  and  Nonspin  Environments 

The  two  pass  trains  were  designed  to  have  the  same  step-up  ratio  as  the 
three  pass  trains  and  the  newly  introduced  initialization  parameters  were  used  to 
obtain  the  worst  posssible  starting  conditions  for  all  individual  meshes • 


The  comparisons  led  to  the  following  conclusions: 

1.  For  a  g< 'en  mesh  and  spin  condition  there  is  no  significant  differ¬ 
ence  in  the  range  of  point  efficiencies  between  involute  and  clock  gears. 

2.  Without  spin  the  two  pass  step-up  trains  are  more  efficient  than 
the  three  pass  trains. 

3.  With  spin  the  three  pass  meshes  are  slightly  more  efficient  than 
the  two  pass  meshes. 

4.  All  mesh  point  efficiencies  are  Independent  of  the  magnitude  of  the 
spin  velocity. 


Kevision  of  Program  1NV0L3 


A  revised  version)  as  well  as  an  updated  description  of  program  INV0L3  which 
allows  the  determination  of  point  and  cycle  efficiencies  for  three  pass  involute 
tooth  step-up  gear  trains  operating  in  a  spin  environment  1b  given  in  appendix 
A.  (All  meshes  huve  unity  contact  ratio.) 

The  original  program  was  listed  and  described  in  detail  in  appendix  C-3  of 
reference  1. 

The  prusent  version  of  the  program  contains  three  initialization  parameters 
which  allow  the  Initial  point  of  contact  of  each  of  the  three  meshes  to  be 
chosen  arbitrarily.  Further,  for  convenience  and  appropriate  checking,  certain 
gear  and  fuze  parameters  have  been  made  part  of  the  data  and/or  the  output  of  the 
program.  The  data  used  in  the  new  sample  program  are  identical  to  those  of  the 
original  sample  program  in  reference  1.  In  order  to  obtain  the  worst  starting 

conditions  for  an  involute  train,  the  three  initialization  parameters  were  set 
equal  to  zero  in  the  sample  program. 


Revision  of  Program  INV0L.4 

A  revised  version,  as  well  as  an  updated  description  of  program  1NVOL4  which 
allows  the  determination  of  point  and  cycle  efficiencies  for  two  pass  involute 
tooth  step-up  gear  trains  operating  in  a  spin  environment  is  given  in  appendix  tt. 
(All  meshes  have  unity  contact  ratio.) 
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The  original  program  was  listed  and  described  in  detail  in  appendix  C-4  of 
reference  1. 

The  present  version  of  the  program  contains  two  initialization  parameters  J ^ 
which  allow  the  initial  point  of  contact  of  each  of  the  two  mealies  to  be  chosen 
arbitrarily.  Further,  for  reasons  of  convenience,  and  to  allow  appropriate 
checking,  certain  gear  and  fuze  parameters  have  been  made  part  of  the  data  and/or 
the  output  of  the  program. 

The  data  used  in  the  new  sample  program  differ  from  those  used  in  reference 
1.  A  new  gear  train,  which  has  essentially  the  same  step-up  ratio  as  the  three 
pass  train,  was  designed.  The  gear  parameters  associated  with  this  train  were 
obtained  with  the  help  of  program  INV0L1  (originally  given  in  appendix  C— 1 , 
reference  1).  The  output  of  this  program,  one  for  each  of  the  two  maBhes,  is 
listed  in  appendix  B.  In  order  to  obtain  the  worst  possible  starting  conditions 
for  an  involute  train,  the  two  initialization  parameters  were  set  equal  to  zero 
in  the  sample  program* 


Design  of  Clock  Tooth  Gear  and  Pinion  Set  According  to  British 
Standard  No.  978 


Program  BRITSTD  for  the  design  of  clock  tooth  gear  and  pinion  sets, 
according  to  British  Standard  No.  978  (ref  2),  is  given  in  appendix  C.  This 
program  furnishes  all  necessary  input  parameters  (i.e.,  gear  and  pinion 
dimensions)  for  programs  CL0CK1  and  CL0CK2,  which  are  both  listed  in  appendix  F 
of  reference  1,  as  well  as  the  revised  programs  CLOCKS  and  CL0CK4,  which  are 
given  in  appendixes  D  and  E,  respectively,  of  the  present  report. 

The  appendix  also  shows  how  to  determine  the  center  of  curvature  coordinates 
of  the  addendum  radius  of  clock  teeth  with  data  from  the  standard.  The 
associated  computer  program  is  listed  in  the  appendix.  In  addition,  five  Bample 
outputs  are  given.  These  furnish  the  input  data  for  the  sample  runs  of  the 
revised  programs  CL0CK3  and  CL0CK4. 


Revision  of  Program  CL0CK3 

A  revised  version,  as  well  as  an  updated  description,  of  program  CL0CK3 , 
which  allows  the  determination  of  point  and  cycle  efficiencies  for  three  pass 
clock  tooth  step-up  trains  operating  in  a  spin  environment  is  given  in  appendix 
D. 

The  original  program  was  listed  and  described  in  appendix  1-1  of  reference 

1. 

The  present  version  of  the  program  contains  three  initialization  parameters 
J.  which  allow  the  initial  point  of  contact  of  each  of  the  three  meshes  to  be 
chosen  arbitrarily.  Certain  gear  and  pinion  parameters  have  been  added  to  the 


input  as  well  as  to  the  output  of  the  program.  The  data  used  in  the  sample  pro¬ 
gram  are  identical  to  those  in  reference  1  with  respect  to  diametral  pitch  and 
number  of  teeth  of  the  individual  meaheB.  The  specific  tooth  dimensions  were 
obtained  with  the  help  of  program  BRITSTD.  (See  first  three  sets  of  outputs  in 
appendix  C.)  In  order  to  approximate  the  worst  starting  conditions  for  a  clock 
tooth  train,  the  three  initialization  parameters  were  set  equal  to  0.9  in  the 
sample  program. 


Revision  of  Program  CL0CK4 


A  revised  version,  as  well  as  an  updated  description,  of  program  CL0CK.4, 
which  allows  the  determination  of  point  and  cycle  efficiencies  of  two  pass  clock 
tooth  step-up  gear  trains  operating  in  a  spin  environment  is  given  in  appendix  E. 

The  original  program  was  listed  and  described  in  appendix  1-2  of  reference 

1. 


The  present  version  of  the  program  contains  two  initialization  parameters 
which  allow  the  initial  point  of  contact  of  each  of  the  two  meshes  to  be  chosen 
arbitrarily.  Certain  gear  and  pinion  parameters  have  been  added  to  the  input  as 
well  as  to  the  output  of  the  program. 

The  data  used  In  the  new  sample  program  differ  from  those  used  in  reference 
1.  The  new  clock  tooth  train  has  the  same  step-up  ratio,  gear  and  pinion  tooth 
numbers,  and  diametral  pitches  as  were  given  to  the  new  involute  tooth  two  pass 
train  (appendix  B  the  present  report).  The  specific  tooth  dimensions  were 
obtained  with  the  halp  of  program  BRITSTD  (fourth  and  fifth  output  sets  in  ap¬ 
pendix  C).  In  order  to  approximate  the  worst  starting  conditions  for  a  clock 
tooth  train,  the  two  initialization  parameters  were  set  equal  to  0.9  in  the  sam¬ 
ple  program. 


FRICTION  CIRCLE  AND  EFFICIENCY  OF  SINGLE  GEAR 
AND  PINION  COMBINATION 


Friction  Circle 

A  free-body  diagram  of  a  single  gear  and  pinion  combination  Is  shown  in 
figure  1.  The  common  pivot  shaft  has  the  radius  P.  This  compound  gear  is  driven 
in  a  clockwise  direction  by  the  input  force  Fj  which  acts  on  the  pinion  portion 
of  the  combination  ut  distance  a  from  the  pivot  axis  0.  Force  FQ,  at  distance  b 
from  the  pivot  axis,  iu  exerted  by  the  next  component  of  the  gear  train  on  the 
gear  portion  of  the  combination.  The  pivot  bearing  applies  the  reaction  R  on  the 
pivot  shaft.  It  consists  of  the  normal  component  N  and  the  tangential  friction 
force  component  UN  (where  h  represents  the  coefficient  of  friction  between  pivot 
shaft  and  bearing).  Since  the  friction  force  must  oppose  rotation,  the  vector 
sum 


R  -  N  +  LM 


(1) 
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Figure  l.  Free-body  diagram  of  single  gear  and  pinion  combination 
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can  only  be  aatislfled  if  the  Line  of  action  of  force  R  is  located  at  the  right 
hand  side  of  the  pivot  center  0.  Varignon's  theorem  is  used  to  determine  the 
distance  rj  of  this  line  of  action  from  the  pivot  axis.  this  theorem  states 
that  the  moment  of  a  force  with  respect  to  an  axis  equals  the  sum  of  the  moments 
of  the  components  of  this  force  with  respect  to  the  same  axis.  Taking  moments 
with  respect  to  point  0,  one  obtains  for  the  forces  R  and  UN: 


rfR  -  PhN  (2) 

(Note  that  the  normal  component  N  exerts  no  moment  about  point  0.)  With 

N  -  Rcos  0,  and  (3) 

h  ■  tan  <t>  (4) 

one  obtains  from  equation  2, 

rj  ■  Psin  (5) 


This  distance  r£  represents  the  radius  of  the  Bo-called  friction  circle  and 
regardless  of  its  direction,  the  bearing  reaction  R  will  always  be  tangent  to 
this  circle. 


Efficiency  of  Single  Gear  and  Pinion  Combination 


While  figure  1  represents  a  simplified  description  of  the  loading  condition 
of  a  single  gear  and  pinion  combination,  since  forces  and  FQ  are  parallel,  one 
may  still  obtain  valuable  Insights  concerning  efficiency  and  locking  from  it. 

To  obtain  the  relationship  between  forces  F0  and  Fj,  the  following  force  and 
moment  equilibrium  conditions  are  used: 


)>, 


-  Fj  -  F0  +  R  -  0 


,  -  0: 

)!m0  -  0:  bF0  -  aFt  +  rfR  -  0 

The  moment  equation  7  may  be  rewritten  with  the  help  of  equation  6. 
bF0  -  aFt  +  rf(Ft  +  F0)  -  0 

The  above  furnishes  the  following  expression  for  the  output  force  P  • 

A-r, 

K  m  V  ( 

o  rll  b  +  r. 


(6) 

(7) 

(8) 

(9) 
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Equation  9  may  now  be  used  to  devise  an  efficiency  expression.  Assume  that 
the  combination  gear  rotates  through  a  clockwise  angle  A0. 


The  work  done  by  force  F^  is  given  by 
-  Fta  A6 

The  work  of  force  FQ  becomes  for  the  same  rotation 

wo  ■  -‘ik  46  (Wrt) 


(10) 


(U> 


The  efficiency 
work .  Thus , 


h  * 


h  may  now  be  found 


1 

I 


+ 


a 


b 


from  the  ratio  of  the  output  to  the  input 


(12) 


The  following  conclusions  concerning  the  efficiency  of  single  gear  and  pin¬ 
ion  combinations  are  drawn  from  equation  12s 

1.  The  friction  circle  radix s  rf  should  be  as  small  as  possible* 

2.  The  distance  b  should  be  as  larg"  as  possible*  This  generally  of¬ 
fers  no  difficulty  in  step-up  gear  trains  since  force  F  is  applied  to  the  gear 
portion  of  the  combination  which  has  a  relatively  large  pitch  radius. 

3.  Mont  importantly,  the  distance  a  should  be  as  large  as  possible. 
This  condition  is  critical  in  step-up  gear  trains  since  force  F^  acts  on  the 
pinion  portion  of  the  combination  and  the  associated  distance  a  Is  never  very 
large. 


Equation  12  shows  that  friction  locking  may  occur  when  a  _<  rf,  i.e.,  when 
the  line  of  action  of  the  force  on  the  pinion  passes  either  tangent  to  or  inside 
of  the  friction  circle. 


i 

EFFICIENCY  COMPARISONS  BETWEEN  INVOLUTE  AND  CLOCK  GEAR 
TYPE  SINGLE  PASS  STEP-UP  GEAR  TRAINS 


To  make  the  conclusions  of  the  comparisons  more  general,  the  Influence  of 
the  position  of  the  line  of  action  of  the  force  of  the  gear  on  the  pinion,  with 
respect  to  the  pinion  pivot,  on  the  mesh  efficiencies  Is  discussed  for  both  types 
of  gearing. 
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Efficiencies  of  Single  Pass  Step-up  Gear  Meshes  with  Involute  and 
Clock  Gear  Type  Teeth 


Point  efficiency  comparisons  between  similar  involute  and  clock  gear  type 
meshes  are  given  in  table  1.  The  involute  meah  was  designed  with  the  help  of 
computer  program  INV0L1  (ref  1).  The  efficiency  computations  for  the  involute 
mesh  were  obtained  from  computer  program  INV0L2  (ref  1).  Computer  program 
BRITSTD,  which  is  listed  and  discussed  in  appendix  C  forma  the  basis  of  the 
design  of  the  clock  gear  trsin.  The  efficiency  computations  of  this  single  step- 
up  mesh  were  made  with  computer  program  CL0CK2  (ref  1). 


Both  types  of  meshes  hsve  the  following  data  in  commons 
Pj  ■  44,  diametral  pitch 

Ng  *  48,  number  of  teeth  of  gear 

Np  -  8,  number  of  teeth  of  pinion 

>  0.060  in.  (0.152  cm),  pivot  radius  of  gear  (alao  subscript  1) 

Pn  *  0.030  in.  (0.076  cm),  pivot  radius  of  pinion  (also  subscript  2) 


The  coefficient  of  friction  is  varied  from  |i  -  0.1  to  n  ■  0.8. 

The  specific  data  for  the  involute  mesh,  as  designed  by  INV0L1  to  have 
unequal  addenda  and  unity  contact  ratio,  are  as  follows! 


0  -  20°  the  pressure  angle 

R_  -  0.54545  in.  (1.3854  cm) 


rp  "  0.09091  in.  (0.2309  cm)  (pitch  radii) 


Rb  -  0.51256  in.  (1.3019  cm)  rh  -  0.08543  in.  (0,2170  cm)  (base  circle 
radii) 

R0  -  0.55609  in.  (1.4125  cm)  rQ  -  0.10985  in.  (0.2790  cm)  (outeide  radii) 


The  specific  data  for  the  clock  gear  mesh,  as  obtained  with  the  help  of 
program  BRITSTD,  are  given  by: 

Rp  -  0.54545  in.  (1.3854  cm)  rp  -  0.09091  in.  (0.2309  cm)  (pitch  radii) 

ac  *  0.54157  in.  (1.1756  cm)  8p  ■  0.09083  In.  (0.2307  cm)  (positions  of 

centers  of  curvature) 
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Table.  1*  Comparison  o£  single  pass  step-up  gear  efficiencies 
as  functions  of  coefficient  of  Eriction  with  nonzero 
pivot  radii.  (Obtained  with  programs  INV0L2  and  CL.0CK2) 


Clock  tooth  shape 
efficiency 


Involute  tooth  shape 
efficiency 


Coeffi¬ 
cient  of 
friction 

JJil  . 

Initial 

contact 

point 

(E  ) 

v  p' 

Mac  imum 
point 

<E  > 

P 

0.1 

0.933 

0.956 

0.2 

0.866 

0.913 

0.3 

0.800 

0.872 

0.4 

0.734 

0.833 

0.5 

0.668 

0.796 

0.6 

0.602 

0.760 

0.7 

0.536 

0.726 

0.8 

0.471 

0.693 

Final 

contact 

point 

(E  ) 

— P.. . 

Initial 

contact 

point 

iiL 

Max lmum 
point 

<V 

Final 

contact 

point 

0.883  * 

0.900 

0.954 

0.919 

0.785 

0.79b 

0.912 

0.846 

0.700 

0.688 

0.874 

0.781 

0.626 

0.576 

0.834 

0.721 

0.562 

0.460 

0.806 

0.666 

0.505 

0.340 

0.776 

0.615 

0.455 

0.214 

0.748 

0.568 

0.409 

0.084 

0.722 

0.525 

Pq  -  0.04886  in.  (0.1241  cm)  pp 
of  tooth  curvature) 


0.01591  in.  (0.0404  cm)  (radii 


tg  ■  0.03608  in.  (0.0916  cm)  tp  »  0.02382  in.  (0.0605  cm)  (tooth 
thicknesses  at  pitch  circles) 
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Similar  efficiency  comparisons  for  the  same  meshes  are  given  in  table  2.  To 
illustrate  the  effects  of  tooth  contact  friction  only,  the  pivot  radii  pN  and  pn 
were  made  equal  to  eero. 

Roth  tables  show  maximum  point  efficiencies  and  point  efficiencies  for  the 
earliest  possible  contact  of  the  meshes  (at  the  maximum  angles  of  approach),  as 
well  as  for  the  final  contact,  when  a  new  set  of  teeth  is  about  to  come  into 
engagement. 

The  data  for  tables  1  and  2  are  derived  from  the  typical  outputs  of  program 
INV0L2  and  CL0CK2  which  are  shown  in  tables  3  and  4,  respectively. 


Conclusions  of  Efficiency  Comparisons 

Inspection  of  table  1  permits  the  following  conclusions: 

1.  Regardless  of  the  magnitude  of  the  coefficient  of  friction,  the 
point  efficiency  ep  at  Initial,  i.e.,  earliest  possible,  contact  ia  always  higher 
for  the  clock  gear  mesh  than  for  the  involute  mesh.  This  effect  becomes  espe¬ 
cially  pronounced  for  higher  values  of  the  coefficient  of  friction,  when  the 
Involute  mesh  indicates  n  tendency  to  lock.  This  result  may  explain  the  greater 
tolerance  of  clock  tooth  type  trains  for  the  presence  of  foreign  material  during 
assembly. 


2.  Roth  involute  and  clock  gear  point  efficiencies  increase  steadily 
after  initial  contact  has  been  made  and  until  maximum  point  efficiency  is 
reached.  The  rate  of  increase  of  efficiency  is  much  greater  for  the  involute 
mesh  (tables  3  and  4), 

3.  The  maximum  point  efficiencies  of  both  mesh  types  are  essentially 
the  same  for  a  given  coefficient  of  friction.  They  occur  when  the  contact  point 
hetweeen  gear  and  pinion  coincides  with  the  line  connecting  their  pivots.  Since 
in  this  position  there  is  no  relative  velocity  between  the  contacting  surfaces  of 
the  teeth,  there  is  also  no  friction  force. 

4.  The  efficiencies  of  both  mesh  types  decrease  steadily  after  the 
maxtmum  hao  been  reached  at  pitch  point  contact.  The  rate  of  this  decrease  is 
much  less  pronounced  for  the  involute  mesh.  The  latest  possible  contact  effici¬ 
ency  of  the  involute  mesh  Is  higher  than  that  of  the  clock  gear  (table  1), 
Therefore,  if  one  can  design  a  modified  involute  step-up  mesh  which  avoids 
contact  before  the  pitch  point  as  much  aa  possible  and  still  has  an  acceptable 
contact  ratio,  it  may  show  higher  efficiencies  than  a  comparable  clock  gear  mesh. 
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Table  2. 


Comparison  of  single  pass  step-up  gear  efficiencies 
as  functions  of  coefficient  of  friction  with  aero 
pivot  radii*  (Obtained  with  programs  INV0L2  and  CL0CK2) 


Clock  tooth  shape  Involute  tooth  shape 

efficiency _ _ efficiency _ 


Coeffi¬ 
cient  of 
friction 

<H> 

Initial 

contact 

point 

i!&L 

Max  lmun 
point 

<V  . 

Final 

contact 

point 

(e  > 

-.-P---- 

Initial 

contact 

point 

(G  ) 
p 

Max imum 
point 

(E  ) 

P 

Pinal 

contact 

point 

(e  ) 

P 

0.1 

0.977 

1.000 

0.929 

0.947 

0.999 

0.964 

0.2 

0.954 

0.999 

0.867 

0.890 

0.999 

0.930 

0.3 

0.930 

0.998 

0.812 

0.830 

0.998 

0.899 

0.4 

0.906 

0.998 

0.765 

0.765 

0.998 

0.870 

0.5 

0.881 

0.997 

0.722 

0.697 

0.997 

0.843 

0.6 

0.856 

0.997 

0.684 

0.623 

/ 

0.996 

t 

0.818 

0.7 

0.831 

0.996 

0.650 

0.545 

0.995 

0.795 

0.8 

0.804 

0.996 

0.619 

0.460 

0.994 

0.773 

Tabic  3.  Typical  output  of  program  TNV0I.2  for  table  2 
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The  results  of  efficiency  computations  for  involute  and  clock  gear  meshes 
with  zero  pivot  radii  (table  2)  show  the  same  general  tendencies  ns  were  found 
for  the  configurations  of  table  1.  In  addition,  it  confirms  the  well-known  rule 
of  making  the  pivot  radii  as  small  as  possible  in  order  to  assure  high  point 
efficiencies. 


Position  of  Line  of  Action  of  Force  of  Gear  on  Pinion  in  Involute  and 
Clock  Gear  Meshes 


The  section  on  efficiency  of  Bingle  gear  and  pinion  combination  showed  that 
to  avoid  locking  and  to  improve  the  efficiency  of  a  single  compound  gear  and 
pinion  it  is  desirable  to  have  the  line  of  action  of  the  input  force  pass  as  far 
as  possible  from  the  friction  circle  and  with  that  from  the  pivot  of  the  pin¬ 
ion.  The  following  provides  some  insights  concerning  the  position  of  this  line 
of  action  in  involute  and  clock  gear  meshes  during  the  various  phases  of 
contact.  It  la  intended  to  serve  as  a  starting  point  for  future  work  on  mesh 
efficiency  improvement. 


Position  of  Line  of  Action  of  Force  of  Gear  on  Pinion  in  an  Involute 
Mesh 


The  force  of  the  gear  on  the  pinion,  together  with  the  associated  line  of 
action,  as  it  appears  during  both  approach  and  recess,  is  shown  in  figure  2.  Ffl 
represents  the  contact  force  during  approach  and  F_  is  the  same  force  during 
recess.  As  indicated  in  the  figure,  the  direction  of  the  friction  force  compon¬ 
ent  pF  is  reversed  as  contact  changes  from  approach  to  recesa.  It  is  to  be  re¬ 
called  that  this  is  due  to  a  airailar  change  in  the  direction  of  the  relative 
velocity  between  the  gear  and  pinion  contact  points.  Since  the  relative  velocity 
is  zero  when  contact  occurs  at  the  pitch  point,  the  friction  component  also  van¬ 
ishes  at  that  instant.  (For  a  discussion  of  the  above  concepts  see  appendix  A-l 
(ref  l).  The  normal  component  F  of  the  contact  force  retains  its  direction 
throughout  the  complete  cycle  of  motion. 

The  distance  of  the  line  of  action  of  the  resultant  force  from  the  pinion 
pivot  0  is  smaller  during  most  of  the  approach  motion  than  it  is  during  recess 
motion  (fig.  2).  The  symbols  rMa  and  r^r  are  used  for  this  distance  during  ap¬ 
proach  and  recess,  respectively,  while  ru.  is  used  for  pitch  point  contact.  The 
following  given  analytical  expressions  ror  these  terms  and  discusses  possible 
ways  of  maximizing  them: 

1.  Distance  rM()  During- Approach  Motion 

The  distance  of  the  line  of  action  from  point  0n  may  be  determined  with 
the  help  of  Varlgnon's  theorem,  t.e.,  the  sum  of  the  moments  of  the  forces  F 
and  pF  with  respect  to  point  0n  equals  the  moment  of  the  resultant  Ffl  with  re¬ 
spect  to  the  same  point.  Thus,  vectorially 


Line  of  action  for  contact 
before  pitchpoint 


Figure  2,  bine  of  action  of  force  of  gear  on  pinion 
In  an  involute  step-up  me ah 


] 

:j 


*Ma  x  Fa  “  i"rb"6  +  (d‘*a>  <~n9T))  *  tFn9r  +  w"e)  (13) 

where 


P  -  coefficient  of  friction  between  teeth 

J - 2 

Ffl  -  resultant  force  during  approach,  equal  to  F  *  1  +  P 
F  »  normal  component  of  resultant  force 


PF  "  friction  component  of  resultant  force 
r^  -  pinion  base  radius 
d  ■  distance  LL*  (fig.  2) 

aft  -  distance  from  point  L  to  gear  and  pinion  contact  point  C&  during 
approach.  (aa  <  LP) 

ng  -  ainSi  +  cos^j 

n0T  ■  -CO801  +  sinQj 


I 


When  equation  13  la  solved  for  the  moment  arm  r^,  which  represents  the  perpen¬ 
dicular  distance  from  the  line  of  action  to  point  0n,  one  obtains  the  following 
scalar  quantity: 


r  m 

Ma 


fb  -  Kd  "  afl) 


1  +  d 


r 


(14) 


For  greater  Insight  the  above  expression  is  rewritten  with  the  help  of 
rb  "  cpc0l#  where  rp  is  the  pinion  pitch  radius 
d  -  (Rp  +  rp)  slnO,  where  Rp  is  the  gear  pitch  radius 

aa  ■  KaR  sln9  ,  where  K_  "  Cai>/LF  <1  sines  the  length 

Cgl/is  less  than  the  distance  CP.  The  closer  the 
contact  of  gear  and  pinion  to  point  L>  along  line  LP, 
the  smaller  ie  Ka 


*See  equations  A-4  and  A- 5  of  reference  l  for  these  unit  vectors.  0  is  the 
pressure  angle. 
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Thus,  one  obtains  foe  equation  14 


Ma 


1  +  4 


{cos  9  -  (lain©  [  1  +  _£  (1  -  K  )] 

r  a 


(15) 


2.  Distance  rMp  for  Contact  at  the  Pltchpolnt 

Since  there  la  no  friction  component  when  contact  takes  place  at  the 
pitch  point,  the  distance  rM  becomes 


rMp  "  rb  "  V080 


(16) 


3.  Distance  rMr  During  RecesB  Motion 


For  contact  during  recess,  the  sign  of  the  friction  component  4Fnc  in 
equation  13  must  be  reversed.  Also  since  contact  is  now  mado  after  the  pitch 
point,  the  distance  from  point  L  to  the  contact  point  (not  specifically  called 
out  in  fig.  2)  becomes 

ar  >■  KpRpSinQ 


where 


Kr  >  1 


The  resulting  scalar  expression  has  the  form 


rMr 


1  +  4 


{cos9  -  4s in 9  [  (K  -  1)  -  l]  } 

r  r 
P 


(17) 


If  the  above  is  expressed  similar  to  equation  14,  it  becomes 


rMr 


rb  +  4  (d  -  ar) 

/  5 

1+4^ 


(18) 
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Conclusions  for  Involute  Meshes 


Equations  1.5  through  17  and  the  data  In  tables  5  and  6  were  used  to  draw 
the  following  conclusions  concerning  the  distance  rM  of  the  line  of  action  of  the 
resultant  force  of  the  gear  on  the  pinion  from  the  pinion  pivot 


For  All  Contact  Conditions* 

1.  The  larger  the  pitch  radius  of  the  pinion,  the  larger  becomes  the 
distance  r^  and  with  that  the  less  becomes  the  danger  of  locking  or  of  obtaining 
excessively  low  efficiencies  according  to  aquation  12.  (Note  that  the  symbol  r^  now 
replaces  the  symbol  a  in  this  expression.  Further,  it  must  be  understood  that 
equations  15  and  17  are  not  valid  for  contact  at  the  pitch  point.) 

2.  With  the  exception  of  a  short  distance,  at  the  beginning  of  recess 
motion,  an  increase  of  the  coefficient  of  friction  decreases  the  distance  r^. 
(Compare  columns  III  and  IV  of  table  5.) 

3.  For  otherwise  fixed  conditions  an  increase  in  the  step-up  ratio 
Rp/rp  generally  causea  a  small  decrease  In  the  distance  rM« 

4.  For  equal  distances  along  the  line  LL'  before  and  after  the  pitch 
point  (fig.  2),  i.e.,  for  Ka  ■  1  -  x  and  Kr  ■  1  +  x,  the  distance  r^  is  always 
smaller  for  the  approach  case.  (Compare  values  for  *  0.8  and  Kj.  ■  1.2  in  ali 
columns  of  table  5.  Similar  information  1b  contained  in  ail  rows  of  table  6.) 

5.  For  otherwise  fixed  conditions,  the  distance  rM  decreases  as  the 
pressure  angle  is  increased  (table  0). 


For  Contact  During  Approach.  For  any  given  configuration,  the  factor  Ka 
should  be  as  close  to  unity  as  possible  in  order  to  avoid  excessively  small  values 
of  This  implies  that  initLal  contact  between  the  gear  and  the  pinion  should  be 
near  the  pitch  point,  i.e.,  the  angle  of  approach  should  be  small. 

It  is  to  be  noted  that  r^a  is  always  less  than  r^  which  represents 
Lts  value  at  the  pitch  point  (equation  16  and  columns  III,  IV  and  V  of  table  5). 


For  Contact  During  Recess.  For  any  set  of  fixed  conditions  the  maximum 
value  of  rM  is  reached  shortly  after  the  pitch  point  is  paBBed.  This  maximum  value 
of  t.slr  is  larger  than  the  associated  distance  r^p  at  the  pitch  point.  This  maximum 


^The  distance  from  the  pinion  friction  circle  gives  direct  information  concerning 
the  possibility  of  locking.  Any  conclusions  concerning  mesh  efficiency  muBt 
also  take  the  distance  of  this  line  of  action  from  the  gear  pivot  into  account. 
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Table  5.  Distance  r,.j  of  line  action  from  pinion  axis 
according  to  equations  15  through  17 
[for  pressure  angle  0  »  20  °J 


1 

Approach 

factor 

Ka 

II 

Recess 

factor 

Kr 

III 

Distances 

rMa»rMp»rMr 
for  P  «  0.1 

V'p  • 6 

IV 

Distances 

‘•Ma»rMp>‘-Mr 
for  P  *  0.3 

RD/r„  "  6 

V 

Distances 

1lMa'rMp»rMr 
for  p  a  0.1 

0.4 

- 

0.778  rp 

0.448  rp 

0.737  rp 

0.6 

- 

0.819 

0.566 

0.792 

0.8 

- 

0.860 

0.684 

0.846 

0.9 

- 

0.880 

0.749 

0.873 

0.95 

- 

0.891 

0.772 

0.887 

Pitch  point 

- 

0.934  rp-rb 

0.934  rp 

0.934  rp 

- 

1.001 

0.968 

0.997 

0.969 

- 

1.01 

0.966 

0.993 

0.966 

- 

1.10 

0.949 

0.939 

0.942 

_ 

1.20 

0.928 

0.880 

0.914 

1.40 


0.880 


0.762 


0.860 


Table  6,  Influence  of  pressure  angle  on  distance 
Tu  according  to  equations  15  through  17 
[for  v  -  0.1,  RD/r  -  6) 


*  '*  1 

1 

A  \ 

1 

1 

Pressure 
angle  6 
(degrees) 

Approach 
distance  rM. 

<Kfl  ■  o.9y 

Pitch  point 
distance  rMp 

Recess 
distance 
(Rp  -  1. 

l 

i 

'  1 

14 

0.927  rp 

0.970  rp 

0.975  r 

j 

iX; 

“*'•  t 

16 

0.913 

0.961 

0.967 

"  J 

i 

18 

0.897 

0.951 

0.958 

* 

20 

0.880 

0.940 

0.948 

i 

22 

0.863 

0.927 

0.937 

24 

0.844 

0.913 

0.925 

WtSMaMg-OB  f  w -'jp  '■ 


value  Increases  with  an  increase  In  the  coefficient  of  friction  (conclusion  no.  2 
above) . 


Position  of  Line  of  Action  of  Force  of  Gear  on  Pinion 
In  a  Clock  Gear  Meah 

Distance  r^rcj  for  Round  on  Round  Phase  of  the  Motion 

The  normal  force  F  of  the  gear  on  the  pinion,  together  with  the  friction 

force  uF  for  a  typical  contact  condition  during  the  round  on  round  phase  of  the 

motion  la  sho_wn  in  figure  3.  While  the  normal  force  always  has  the  direction  of  the 
unit  vector  n,  ,  the  direction  of  Che  friction  force  depends  on  the  direction  of  the 
relative  velocity  Vg,_,  between  the  contact  point  S  of  the  gear  and  the  contact 
point  T  of  the  pinion  (fig.  3).  Equation  E-50  (ref  1)  shows  that  the  sense  of  this 

friction  force  may  be  obtained  with  the  aignum  function  sR  -  Vs/T/IvS/t|*  The 

friction  force  with  a  poaltlve  s^  is  shown  in  figure  3.  1 

Varignon'8  theorem  was  used  to  determine  the  distance  rMrd  of  the  line  of 
action  of  the  resultant  force  ?rd  from  the  pinion  pivot  Gn,  i.e., 


rMrd  x  Frd  "  <VV  "  ppV  x  (FV  P8R  FnNX> 

where 

- 

Frd  -  F  /  1  +  U 

op  -  °nGP>  di8tftnce  from  the  pivot  to  the  center  of 
curvature  of  the  pinion  profile 

Pp  *■  radius  of  curvature  of  pinion  profile 

np  -  cos  (\|>  -  6p)  i  +  sin  (i|>  ~  Sp)  j, 

see  equation  E-4  (ref  1) 

n^  *  coaXi  +  sinX  j,  see  equation  E-2  (ref  1) 

nN^  ■  -sinX  i  +  coaX  j,  see  equation  E-3  (ref  1) 
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of  action 


When  equation  19  is  solved  for  the  absolute  value  of  the  moment  arm  rMrj,  one 
obtains 


rMrd  "  ~  - . L' . —  I®P  (,ln  ^  +  «Sp>  4-  yaR  cos  (X  -  >i)  +  6p)]  (20) 

/  1  +  M2  -  y^Pp  } 

Distance  for  Round  on  Flat  Phase  of  the  Motion 

The  normal  force  F  of  the  gear  on  the  pinion,  together  with  the  associ¬ 
ated  friction  force  pF  for  a  typical  contact  condition  during  the  round  on  flat 
phase  of  the  motion  is  shown  in  figure  4.  This  contact  is  made  at  point  T  of  the 
radial  pinion  flank  which  is  at  a  distance  g  from  the  pinion  pivot  0  .  The  nor¬ 
mal  force  always  hae  the  negative  direction  of  the  unit  vector  tLp  (equation  E- 
22,  ref  1),  while  the  friction  force  has  the  direction  of  the  unit  vector  n_  (eq 
E-23,  ref  1)  at  all  times. 

Since  friction  force,  pF,  does  not  exert  a  moment  about  the  pivot 
point,  0n,  the  moment  of  the  resultant  force,  Ff,  at  the  distance  rMf,  must  be 
equal  to  the  moment  of  force  F  st  the  distance  g.  Thus, 


rMf  x  Tf  "  x  F<“nMF) 


(21) 


where,  again 

Ff  ■  F  /TT? 


When  equation  21  la  solved  for  the  absolute  value  of  the  moment  arm 
rMf,  one  obtains 


Mf 


1  +  p 


(22) 


Distance  r^p  for  Contact  on  the  Line  of  Centers  (Pitch  Point) 

When  contact  points  S  and  T  coincide  with  the  line  of  centers,  i.e., 
the  line  connecting  the  gear  and  pinion  pivots,  the  relative  velocity  V  .  van¬ 
ishes  as  it  changes  directions.  The  clock  gear  computer  programs  indicate  the 
passing  of  the  contact  points  through  the  line  of  centers  by  s  change  of  sign  of 
the  signum  parameter.  Such  a  change  of  sign  of  the  parameter  aR  between  the 
angles  $  ■  178.0813®  and  $  ■  178.2313®  while  the  mesh  is  In  the  round  on  round 
phase  of  the  motion  is  shown  in  table  4,  Since  all  presently  examined  clock  gear 
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Figure  4. 


Position  of  line  of  notion  of  force  of  gear  on  pinion 
in  round  on  flat  phase  of  motion  of  clock  gear  mesh 
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meshes  show  centerline  contact  during  the  round  on  round  phase  of  motion,  the 
derivation  for  the  distance  of  the  line  of  action  from  the  pinion  pivot  must  use 
the  round  on  round  parameters  of  equations  19  and  20. 

With  ^g/T  ■  0,  the  friction  component  w  F  vanishes  and  the  normal 
force  F  becomes  We  resultant  force  of  the  gear  on  the  pinion  (fig.  3).  The 
normal  distance  r^  of  force  F  from  the  pinion  pivot  may  be  obtained  by  set¬ 
ting  p  -  0  in  equation  20.  This  furnishes 

rMp  -  apsin  (X  -  ♦  +  «p)  (23) 

As  previously,  the  absolute  value  of  rMp  is  desired. 


Comparison  of  Line  of  Action  Distances  rM  for  Clock  and 
Involute  Type  Meshes 

Comparison  of  the  diatancee  of  the  lines  of  action  of  resultant  forces 
of  the  gear  on  the  pinion  from  the  pinion  pivots  for  comparable  clock  gear  and 
involute  type  meehes  which  operate  with  coefficients  of  friction  of  0.1  and  0.8 
is  shown  in  table  7. 

The  gear  and  pinion  sets  are  those  described  in  the  section  on  single 
pass  step-up  gear  meehes  with  involute  and  clock  gear  type  taeth  and  which  form 
the  bases  of  tables  3  and  4.  Both  have  a  diametral  pitch  of  44  and  the  numbers 
of  the  teeth  of  the  gears  and  the  pinions  are  48  and  8,  respectively. 

The  computations  for  the  involute  gear  maah  are  based  on  equations  14, 
16,  and  18.  Specific  parameters  for  the  evaluation  of  these  expressions  are  as 
follows: 


rb  -  rpcoB9  -  0.09091  cos20  -  0.08543  in.  (0.2170  cm) 

d  -  (Rb  +  rb)tan6  -  (0.51255  +  0.08543)  tan  20 
-  0.21764  in.  (0.5528  cm) 


The  distances  aa  and  ar  are  computed  with  the  help  of  equation  A-203  (ref  1), 
i .  e . , 


V*r  "  Rba 


(24) 


Table  7  Comparison  of  line  of  action  distances 
rM  for  clock  gear  and  involute  mashes 


Distance 

rM  for  w  - 

0.1 

Distance  rM 

for  ii  ■  0.8 

Contact 

Clock 

mesh 

Involute  mesh 

Clock  mesh 

Involute 

i  mash 

angle 

In. 

Eq  no 

>.  In. 

Eq  no. 

In. 

Eq  no. 

In* 

Eq  no 

(deg) 

(cm^ 

(cm) 

(cm!) 

(cm) 

0.00 

0.0864 

(0.2195) 

20 

0.0781 

(0.1984) 

14 

0.0523 

(0.1328) 

20 

0.0235 

(0,0597) 

14 

0.90 

0.0883 

(0.2243) 

20 

0.0789 

(0.2004) 

14 

0.0589 

(0.1496) 

20 

0.0286 

(0.0726) 

14 

1.80 

0.0891 

(0.2263) 

20 

0.0797 

(0.2024) 

14 

0.0640 

(0.1626) 

20 

0.0336 

(0.0853) 

14 

1.80 

Pitch 

point 

0.0907 

(0.2304) 

23 

<*) 

Pitch 

point 

0.0907 

(0.2304) 

23 

(*> 

1.95 

0.0911 

(0.2313) 

20 

0.0798 

(0.2029) 

14 

0.0768 

(0.1951) 

20 

0.0334 

(0.0848) 

14 

3.30 

0.0889 

(0.2259) 

20 

0.0810 

(0.2057) 

14 

0.0700 

(0.1778) 

20 

0.0420 

(0.1067) 

14 

3.45 

0.0885 

(0.2248) 

22 

0.0812 

(0.2062) 

14 

C.0694 

(0.1763) 

22 

0.0428 

(0.1087) 

14 

4,244 

<*) 

Pitch 

point 

0.0854 

(0.2169) 

16 

<*) 

Pitch 

point 

0.0854 

(0.2169) 

16 

4.39 

<*> 

0.0879 

(0.2233) 

18 

(*) 

0.0853 

(0.2167) 

18 

6.90 

0.0802 

(0.2037) 

22 

0.0861 

(0.2187) 

18 

0.0634 

(0.1610) 

22 

0.0712 

(0.1808) 

18 

7.35 

0.0809 

(0.2055) 

22 

0,0853 

(0.2167) 

18 

0.0635 

(0.1613) 

22 

0.0687 

(0.1745) 

18 

*  ■  not  computed 
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The  angle  a  for  any  position  of  the  Involute  meah  may  be  obtained  from  table  3. 
What  Is  referred  to  as  contact  angle  In  table  7  Is  obtained  from  the  formulation 

Contact  angle  *  a  -  16.61°  (25) 

where  16.61*  represents  the  earliest  possible  contact  angle  of  the  involute 
mesh.  The  total  angle  of  rotation  of  the  gear  for  one  cycle  of  contact  1b 
obtained  from  the  difference  between  the  initial  and  final  angles,  i.e.,  23.96°  - 
16.61°  *  7.35°.  By  way  of  the  change  of  sign  of  the  signum  parameter,  the  pitch 
point  contact  for  this  mesh  occurs  between  a  »  20.31°  snd  20.96°  (table  3).  A 
more  precise  computation,  according  to  equation  A-216  (ref  1),  gives  the  value  of 
20,854°  for  this  angle. 

The  computations  for  the  clock  gear  meah  are  based  on  equation  20  for 
the  round  on  round  phase  of  motion  and  on  equation  22  for  the  round  on  flat 
phasa.  The  pitch  point  computations,  i.e.,  when  the  contact  points  are  located 
on  the  line  of  centers,  make  use  of  aquation  23. 

Table  4  furniahes  the  following  required  parameters: 
sp  ■  0.09083  in.  (0.2307  cm) 
pp  -  0.01591  in.  (0.0404  cm) 

«p  -  2.524° 

In  addition,  table  4  shows  that  round  on  round  contact  starts  when  4>  *  176.2813° 
and  that  contact  coincides  with  the  line  of  centers  shortly  after  $  ■ 
178.0813°.  The  latter  is  indicated  by  ths  chsnga  of  sign  of  the  signum  parameter 
■o .  The  round  on  flat  phase  of  the  motion  beginB  at  4>  ■  179.7313°  and  ends  at  t 
-  183.6313°. 

Similar  to  equation  25,  the  contact  angle  for  the  clock  gear  mesh  is 
determined  by  way  of 


Contact  angle  ■  $  -  176.2813* 


(26) 


The  total  angle  of  rotation  of  the  gear  for  one  contact  cycle  is  again 
7.35°.  The  values  of  ths  variables  ij>  ,  aR  and  g,  which  are  needed  for  the  var¬ 
ious  computations,  may  alno  he  found  in  table  4.  The  necessary  values  of  the 
angle  X  are  shown  in  table  8. 
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Table  8.  Angles  tj >  (PSID)  and  X  (LAMDAD)  as  functions 
of  angle  <f)  (PHID)  for  same  clock  gear  meah  of 
table  2 


V> 


X 


PH  If) 


iiau. 


PSID 


■ItliLL 


PHID 
PHID. 
PH  ID 
PHLQ- 
PHID 

-BHia. 


a  1 76  «43 1 3 
a_l.7A.SaU 
a  \7A.73U 
.m_A7fL.a8U- 
a  177. 03U 
.a  ,.177,..U  U_ 


PHID 
.PHID. 
PH  T  0 
.  PH  I  D- 

PHI  f) 


a  177. 33U 

.ft_.LT7.tAaU . 

a  177.6313 

.«__lJ.7.jJ.a.i3. 

a  177,9313 


pSlO  a  2,5994 
.P.SlD....a__.  A  .69? 3 
PSID  a  ,6008 
..RSJUL-*_J59  ,903  a.. 
PSID  a  JS9.0078 
PSIQ . a..,.3SftU-V2&- 


plslD  a  3*7.2178 
P  3  IlL-*_J56.».3.235 . 


PHtD  a 
PH  IQ.. .a 
PHID  a 
PHID . a 
PHID  ■ 
_PHl[)__& 
PHID  a 
.PH  l  D.._.a 
PHID  a 
P.H.ID _a 


170.23U 
,17a. 3  a  13 
l  7a  .S3 1 3 
17  ft,  uB  1.3 
1 70.8313 

JL7.9xSjBlU. 

170,1313 
-17.9,2813 
170.4313 
1 79.5a  13. 


P$iD 

_P6UL 

pbiD 


pSil) 


pS  ID 
P_S1D 
PSID 


3B5.4291 

.354.5347- 
JB3.64OO 
3  2..  ,7a  4.9- 
351 ,8491 
_J  5. 0.9  527. 
iso ,0555 

349.1574. 
348,2583 
_3.4,7  ».35&L 
34A.4573 
3,45.8552. 
344.6522 
-343.7.482- 


LAMDAO  «  263.0789 
LAMfa  AQ  -■  -263.2 1.9.2- 
LAMDAO  a  263,3363 
LAMDAD.  Ji_263.  4303- 
LAMDAO  ■  263*5013 
-LAMDAO— a— £63,  SAS3- 
LAMDAD  ■  863.5744 
..LAMDA0._ft.-2.63  *  576.7. 
LAMDAD  a  863.5561 
.  L  AMD  AD  _  ft-26  3.  5 1 2.6  _ 
LAMDAO  a  263,4468 
_LA  M  D  A  D-ft-263.3  5 7JL 
LAMDAD  a  863.2448 
LAMDAD.* -263.109-7- 
LAMOAO  a  862,9516 
LAMDAD  a -262., .7.705 
LAMDAD  a  862,5662 
J.AMDAD— ft—2.62*  .3.389- 
LAMDAO  *  262.0885 
LAMDAD-ft  26UB14B- 
LAMDAO  a  861.5180 
L  AMD  AO  -a...26L.  1 9B  A. 
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1  w  — ■  j  aft  1 


The  specific  choices  of  thu  contact  angles  in  table  7  are  based  on  the 
various  regime  changes.  Thus, 


O.A.  -  0°  represents  Initial  contact 

C.A.  »  1.80°  represents  near  pitch  point  contact 
for  the  clock  gear  mesh,  (both 
equations  20  and  23  are  evaluated 
with  the  associated  data.) 

C.A.  -  3.43s  represents  the  beginning  of  the  round 
on  flat  phase  of  the  motion  of  the 
clock  gear  mesh. 

C.A.  -  4.244°  represents  pitch  point  contact  for  the 
involute  mesh. 

C.A.  -  6.90°  represents  contact  at  the  minimum  of 
the  distance  g  for  the  clock  gear 
mesh. 

C.A.  -  7.35°  represents  final  contact  for  both 
meBhes . 

Computations  are  omitted  whenever  no  significant  changes  occur. 


Conclusions  of  Comparison  of  Distances  rM 

The  results  of  table  7  were  used  to  show  that  the  differences  in  point  effl- 
ciencies  between  clock  gear  aud  involute  meshes,  for  a  given  coefficient  of  fric¬ 
tion,  are  reflections  of  the  associated  differences  in  the  magnitudes  of  the 
distances  rM. 


1.  Just  as  the  point  efficiency  at  initial  contact  is  higher  for  the 
clock  guar  mesh  than  for  the  involutu,  regardless  of  coefficient  of  friction,  the 
distance  rM  is  also  always  larger  for  the  clock  mesh  at  that  instant.  This  dif¬ 
ference  in  magnitude  becomes  more  pronounced  as  the  coefficient  of  friction  is 
increased . 


2.  The  magnitude  of  r^  increases  after  the  initial  contact  in  both 
types  of  meshes  until  the  pitch  point  is  reached,  or  until  shortly  after  the 
pitch  point  is  passed.  Parallel  increases  of  point  efficiencies,  with  maxima  at 
or  soon  after  the  pitch  point  may  be  found  in  tables  3  and  4. 

3.  At  the  pitch  point,  r^  is  independent  of  the  coefficient  of  fric¬ 
tion.  The  associated  value  of  r^  is  somewhat  larger  for  the  clock  gear  mesh. 
The  pitch  point  is  reached  after  1.80“  of  gear  rotation,  after  initial  contact, 
in  the  clock  gear  mesh  of  table  7,  while  4.24°  of  gear  rotation  for  the  involute 
mesh  is  required.  Thus,  the  angle  of  approach  of  the  clock  meah  is  considerably 
smaller. 
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4.  Just  as  the  point  efficiencies  of  both  meshes  decrease  steadily 
after  the  maxima  have  been  reached,  there  is  a  continuous  decrease  in  the  magni¬ 
tudes  of  the  associated  rM.  For  a  given  coefficient  of  friction,  this  decrease 
is  smaller  for  the  involute  mesh> 

Since,  according  to  equation  22,  r^  is  proportional  to  the  round  on  flat 
phase  distance  g  near  the  end  of  contact,  the  above  efficiency  decrease  may  pos¬ 
sibly  be  controlled  by  increasing  the  minimum  value  of  g  by  an  appropriate  rede¬ 
sign  of  the  tooth. 

Any  change  in  geometry  which  increases  the  magnitude  of  the  distance  rM  will 
also  increase  the  point  efficiency  of  the  meBh. 


EFFICIENCY  COMPARISONS  BETWEEN  INVOLUTE  AND  CLOCK  GEAR  TYPE 
TWO  AND  THREE  PASS  STEP-UP  TRAINS  WITH  AND  WITHOUT  SPIN 


The  physical  configurations  and  the  associated  analyses  are  those  of  the 
FCTa  (ref  1).  The  two  pass  and  three  pass  configurations  are  Bhown  in  figures  5 
and  6,  respectively. 

Thu  point  efficiency  computations  for  the  involute  tooth  type  trains  were 
obtained  with  the  help  of  programs  INV0L3  and  INVOL4.  The  programs  CLOCKS  and 
CL0CK4  supplied  the  point  efficiencies  of  the  clock  tooth  type  trains. 

As  discussed  earlier,  the  above  programs  were  modified  by  the  introduction 
of  thu  initialization  parameters  J. .  These  parameters  make  it  possible  to  vary 
the  initial  points  of  contact  of  the  individual  meshes,  and  with  that  allow  the 

determination  of  that  starting  configuration  of  a  given  train  which  results  in 
the  lowest  point  efficiency.  Investigation  showed  that  the  worst  starting 

condition  for  an  involute  tooth  type  train  occurs  when  all  meshes  make  their 
Initial  contact  at  tho  earliest  possible  point  during  approach  motion.  For  clock 
tooth  type  trains  the  worst  starting  condition  is  associated  with  a  configuration 
where  all  meshes  have  their  motion  Initiated  as  late  as  possible  during  recess 

motion.  (This  has  been  shown  to  be  true  for  single  pass  meshes  In  the  section 
entitled  Efficiency  Comparisons  between  Involute  and  Clock  Gear  Type  Single  Pass 
Step-up  Goar  Trains.) 

The  involute  as  well  as  the  clock  tooth  type  twu  pass  atep-up  gear  trains 

were  designed  with  a  step-up  ratio  of  47.265  in  order  to  be  comparable  to  thu 

throe  pass  trains  which  have  a  step-up  ratio  of  47.25  and  whose  configurations 

are  identical  with  that  of  the  M125A1  (brass)  safing  and  arming  mechanism. 

Tho  essential  parameters  of  all  fuze  gear  trains  and  the  specific  conditions 

of  the  associated  computer  programs  follow.  Subsequently,  the  results  of  the 

efficiency  comparisons  are  shown  in  table  9  and  figure  7. 
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PINION  3 


Figure  5.  Basic.  configuration  of  two  pans  stop-up  poor  train 
(shown  with  Involute  tooth  no  mono  I  attire) 
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Figure  6.  Basic  configuration  of  three  pass  step-up 
gear  train  (shown  with  clock  gear  teeth) 


Table  9.  Step-up  gear  ^train  comparisons  with  and 
without  spin 


Two  step-up  mesh 
efficiency 


Three  step-up  mesh 
efficiency 


Number 

Initial 

Maximum 

Minimum 

Initial 

Max  imum 

Minimum 

and 

contact 

point 

point 

contact 

point 

point 

X  i 

type 

point 

point 

(E  ) 

,  r. 

(e  ) 

_E_ _ 

<£P> 

(V 

<v 

1 

* 

•  1 

1.  Involute , 

0.618 

0.787 

0.618 

0.507 

0.708 

0.507 

no  spin 


2.  Involute 
with  spin 

0.314 

0.440 

0.314 

0.320 

0.481 

0.320 

3.  Clock, 
no  spin 

0.611 

0.794 

0.600 

0.499 

0.699 

0.489 

4.  Clock 
with  spin 

0.319 

0.448 

0.316 

0.320 

0.476 

0.315 

*  All  have  worst  possible  starting  condition. 
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1.  Two  Pass  Step-up  Gear  Trains  (Pig.  5) 


<! 


The  common  parameters  of  both  the  involute  and  the  clock  type  two 
pass  gear  trains  are  listed  below •  Those  parameters  and  program  details  which 
are  specific  to  either  one  of  the  trains  are  discussed  separately. 

Mesh  No.  1  (gear  1  and  pinion  2) 

Pjl  *■  50,  diametral  pitch 

%1  "  55,  number  of  teeth  of  gear  1 

Nj*2  “  8,  number  of  teeth  of  pinion  2 


*pl 


■  0.550  in.  (1.397  cm),  pitch  radius  of  gear  1 


cp2  “  8.080  in.  (0.203  cm),  pitch  radius  of  pinion  2 
Mesh  No.  2  (gear  2  and  pinion  3) 

Pj2  “  70,  diametral  pitch 
nU2  “  55 ,  number  of  teeth  of  gear  2 
Np^  ■  8,  number  of  teeth  of  pinion  3 
kp2  "  0.39286  in.  (0.9979  cm),  pitch  radius  of  gear  2 
rp3  “  0.05714  in.  (0.1451  cm),  pitch  radius  of  pinion  3 
Further  Common  Parameters 

-  0.L2  x  10“5  lb-aec2/in.  (2.101  x  10~2  kg),  mass  of  gear  L 

m2  *  0.253  x  10“^  lb-sec2/in.  (4.430  x  10”^  kg),  mass  of 
gear  and  pinion  2 

raj  -  0.153  x  10_5  ib-sec2/in.  (2.679  x  lO-'1'  kg),  maas  of 
pinion  3 

-  0.062  in.  (0.157  cm),  pivot  radius  of  gear  1 

P2  ■  0.025  in.  (0.064  cm),  pivot  radius  of  gear  and  pinion  2 

Pj  »  0.0i8  in.  (0.046  cm),  pivot  radius  of  pinion  3 


<U 


1  «  0.225  in.  (0.572  cm),  location  of  gear  1  from  fuze  body 


center 


6? 2  "  0.497  in.  (1.262  cm),  location  of  gear  and  pinion  2 
from  fuze  body  center 
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“  0.640  in.  (1.626  cm),  location  of  pinion  3  from  fuze  body 
center 

md2  “  0.275  x  10“^  lb-sac2-in.  (3.105  x  10"7  kg-m2) ,  the 

rotor  parameter  product  of  gear  1,  responsible  for  input  moment 
Min  in  inch  pounds  when  the  quantity  1b  multiplied  by  the 
square  of  the  spin  angular  velocity. 


*•  !  Parameters  and  Computational  Details  Specific  to  the  Involute 

Tooth  Type  Two  Pass  Step-up  Gear  Train 

The  gear  and  pinion  parameters  which  are  specific  to  the  two  meshes  of  ' 

‘  j  the  involute  two  pass  gear  train  are  listed  in  appendix  B.  They  are  also  shown  j 

in  appendix  B  as  the  output  listings  of  program  INVOul,  which  computes  the  dimen-  '! 

sionB  of  involute  meshes  with  unequal  addenda  and  unity  contact  ratio.  (See 
v.  reference  1  for  program  listing  and  discussion.)  ■] 

j  Point  efficiency  results  of  two  computer  runs  for  two  pass  involute 

i  trains  are  shown  in  table  9.  Both  runs  were  made  with  program  INVOl.4.  Run  A-l 

i  simulates  zero  spin  velocity,  while  run  A-2  was  made  for  1000  rpm.  Ait  overall  j 

coefficient  of  friction  of  P  ■  0.2  and  a  range  divisor  K  ■  25  were  used  for  both 
rune.  (See  appendix  B  for  an  explanation  concerning  the  range  divisor.)  To  gat  < 

the  Lowest  possible  starting  point  efficiency,  the  initialization  parameters  J,  ■' 

and  Jj  were  set  equal  to  zero.  For  these  conditions  both  mealies  make  initial  ' 

contact  at  the  beginning  of  their  approach  motion.  To  obtain  run  A-l,  which  1 

simulates  zero  spin  and  with  that  the  absence  of  any  centrifugal  forces  on  the  , 

•l  ,  train  components,  program  INV0L4  was  modified  by  introducing  the  input  moment  j 

Mj n,  equal  in  magnitude  to  one  corresponding  to  a  spin  of  1000  rpm.  The  output  j 

of  run  A-2  is  reproduced  in  appendix  B.  The  output  of  run  A-l  is  not  given.  i 


Parameters  and  Computational  Details  Specific  to  the  Clock 
Tooth  Type  Two  Pass  Step-up  Gear  Train 

Th.J  gear  and  pinion  parameters  which  are  specific  to  the  two  meshes  of 
the  clock  tooth  type  gear  train  are  listed  in  appendix  IS.  These  parameters  were 
obtained  with  the  help  of  the  computer  program  BRITSTD,  which  is  shown  and  dis¬ 
cussed  in  appendix  C. 


^This  moment  is  given  by 


Mln  -  md2^  2  -  0.275  x  10 


-5 


( 


1000  x  2ir\2 


60  J 

0.30157  x  10-1  in. -lb  (0.34073  x  IQ-2  N.m) 
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Point  efficiency  results  of  two  computer  runs  for  two  pass  clock  trains 
are  given  in  table  9.  Results  for  both  runs  were  obtained  with  the  help  of  the 
computer  program  CL0CK4.  Run  A-3  was  made  for  zero  spin,  while  run  A-4  simulates 
a  spin  of  1000  rpm.  Again,  an  overall  coefficient  of  friction  p  ■  0.2  and  a 
range  divisor  K  *  25  were  used.  Since  the  lowest  starting  efficiency  for  this 
type  of  gear  train  is  obtained  when  both  meshes  make  initial  contact  at  the  end 
of  recess  motion,  the  Initialisation  parameters  Jj  and  were  both  set  equal  to 
0.9  for  these  runs.  While  run  A-3  is  not  shown  in  this  report,  the  complete 
output  listing  of  run  A-4  is  reproduced  in  appendix  B.  To  obtain  run  A-3,  which 
simulates  zero  spin,  the  input  moment  was  again  directly  introduced  into  program 
CL0CK4  in  the  manner  discussed  earlier  in  connection  with  the  two  pass  involute 
train. 


2.  Three  Pass  Step-up  Gear  Trains 

As  stated  before,  the  basic  configuration  of  both  types  of  three  pass 
step-up  gear  trains  was  taken  from  that  of  the  M125A1  (brass)  safing  and  arming 
mechanism.  The  following  first  enumerates  all  parameters  which  are  common  to 
both  the  involute  and  the  clock  tooth  type  gear  trains.  Subsequently,  those 
parameters  and  computational  details  which  are  specific  to  either  of  the  two  are 
discussed  separately. 

Mesh  Mo.  1  (gear  1  and  pinion  2) 


pdl  “  ^4,  diametral  pitch 

NG1  “  *2,  number  of  teeth  of  gear  1 

Np2  ■  8,  number  of  teeth  of  pinion  2 

kpl  "  ^.47727  (1.2123  cm),  pitch  radius  of  gear  1 

rp2  ■  0.09091  in  (0.2309  cm),  pitch  radius  of  pinion  2 


Mesh  No.  2  (gear  2  and  pinion  3) 

PJ2  ■  65,  diametral  pitch 

Nq2  "  27,  number  of  teeth  of  gear  2 

Np3  -  9,  number  of  teeth  of  pinion  3 

Rp2  ■  0.20769  in.  (0.5275  cm),  pitch  radius  of  gear  2 

rp3  “  0.06923  in.  (0.1758  cm),  pitch  radius  of  pinion  3 
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Mesh  No.  3  (gear  3  and  pinion  4) 


pd3  "  77 ►  diametral  pitch 

*  27,  number  of  teeth  of  gear  3 
Mp4  *  9,  number  of  teeth  of  pinion  4 
Rp3  ■  0.17S32  in.  (0.4453  cm),  pitch  radlua  of  gear  3 
*,  rp4  *  0.05844  in.  (0.1484  cm),  pitch  radiua  of  pinion  4 

Further  Common  Parameters 

m.  -  0.12  x  10"3  lb-sac^/in.  (2.101  x  10”2  kg),  maaa  of 
gear  1 

n»2  ■  0.85  x  10'5  lb-sec2/in.  (1.488  x  10“3  kg),  mass  of 

|  gear  and  pinion  2 

|  m3  ■  0.34  x  10"5  lb-aec2/in.  (5.953  x  10~^  kg),  maaa  of 

'  !  gear  and  pinion  3 

»  0.15  x  10“5  lb-sec^/in.  (2.626  x  10“*  kg),  maaa  of 

pinion  4 

|  P1  "  0.062  in.  (0.157  cm),  pivot  radius  of  gear  1 

P2  0.025  in.  (0.064  cm),  pivot  radiua  of  gear  and  pinion  2 

! 

P3  ■  0.018  in.  (0.046  cm),  pivot  radiua  of  gear  and  pinion  3 

P4  ■  0.016  in.  (0.041  cm),  pivot  radiua  of  pinion  4 

%  -  0.225  in.  (0.572  cm),  location  radiua  of  gear 

1  from  fuze  body  center 

^2  ■  0.436  in.  (1.107  cm),  location  radius  of  gear 

and  pinion  2  from  fuze  body  center 

6I3  *  0.504  in.  (1.280  cm),  location  radiua  of  gear 

and  pinion  3  from  fuze  body  center 

-  0.520  in.  (1.321  cm),  location  radius  of  pinion  4 
from  fuze  body  center 

rad2  -  0.275  x  10“3  lb-sec2-in.  (3.105  x  10“7  kg-o2) , 

rotor  parameter  of  gear  1,  responsible  for  input 
moment  M^n.  Thia  quantity  becomes  in. -lb  when  multiplied 
by  the  square  of  the  spin  angular  velocity. 
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Parameters  and  Computational  Details  Specific  to  the 
Involute  Tooth  Type  Three  Pass  Step-up  Gear  Train 

The  gear  and  pinion  parameters  apecific  to  the  three  pass  Involute 
step-up  gear  train  are  listed  in  appendix  A.  They  were  originally  computed  with 
program  INVOL1  (appendix  C  of  ref  1). 

Point  efficiency  results  of  two  computer  runs  for  three  pasa  involute 
trains  are  shown  in  table  9.  Results  for  both  runs  were  obtained  with  the  help 
of  the  computer  program  INV0L3.  Run  B-l  simulates  zero  spin  velocity,  while  run 
B-2  was  made  for  a  spin  velocity  of  1000  rpm.  An  overall  coefficient  of  fric¬ 
tion  u  -  0,2  and  a  range  divisor  K  ■  25  were  used  for  both  runs.  Since  the  low¬ 
est  starting  efficiency  for  this  type  of  gear  train  occurs  when  all  three  meshes 
make  initial  contact  as  early  as  possible  during  their  approach  motion,  the  ini¬ 
tialization  parameters  J^,  J2  and  J3  were  set  equal  to  zero.  To  obtain  run  B-l, 
which  simulates  zero  spin  and  with  that  tha  absence  of  centrifugal  forces  on  the 
gear  train  components,  the  computer  program  INV0L3  was  also  modified  by  introduc¬ 
ing  an  input  moment  Min  equal  in  magnitude  to  a  moment  which  corresponds  to  a 
spin  of  1000  rpm. 

The  output  listing  of  run  B-2  is  reproduced  in  appendix  A.  The  output 
listing  of  run  B-l  is  not  given. 


Parameters  and  Computational  Details  Specific  to  the  Clock 
Tooth  Type  Three  Pass  Step-up  Gear  Train 

The  gear  and  pinion  parameters  of  the  threa  meshes  of  the  three  past 
clock  step-up  gear  train  are  listed  in  appendix  D.  Theee  parameters  were  comput¬ 
ed  with  the  help  of  computer  program  BR1TSTD  (appendix  C). 

Point  efficiency  results  of  two  computer  runs  for  three  pass  clock 
trains  are  shown  in  table  9.  Results  for  both  runs  ware  obtained  by  way  of  the 
computer  program  CL0CK3,  Run  B-3  was  made  for  zero  spin,  while  run  B-A  simulates 
a  spin  of  1000  rpm.  Again,  an  overall  coefficient  of  friction  p  -  0.2  end  a 
range  divisor  K  «  25  are  used.  Since  clock  type  three  peas  step-up  trains  expe¬ 
rience  the  lowest  point  efficiency  at  starting  when  all  three  meshes  make  initial 
contact  at  the  end  of  their  recess  motion,  the  initialization  parameters  Ji, 
and  J3  were  set  equal  to  0.9  for  both  runs.  To  obtain  run  B-3,  which  simulates 
zero  spin,  the  input  moment  Min  was  again  modified  in  the  manner  described  above 
for  the  three  paBs  involute  train.  The  computer  output  Hating  of  run  B-A  is 
reproduced  in  appendix  D.  The  output  of  run  B-3  is  not  given. 


3.  Conclusions  of  Efficiency  Comparisons  and  Discussion 

Initial  contact,  maximum  and  minimum  point  efficiencies  during  one 
tooth  cycle  of  the  input  gear  for  two  and  three  pssB  stet  -up  meshes,  with  invo¬ 
lute  and  clock  type  teeth,  which  operate  with  or  without  ths  presence  of  spin, 
are  shown  In  table  9.  Graphs  of  point  efficiency  versus  input  gear  rotation  in  a 
spin  environment  for  the  four  types  of  gear  trains  are  shown  in  figure  7.  In 
each  case  one  tooth  cycle  of  the  input  gear  is  shown,  using  the  data  in  appen¬ 
dixes  A,  B,  D  and  E  (i.e.,  from  computer  programs  INV0L3,  INV0LA,  CLOCK! ,  and 
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CLOCKS).  All  Input  gear  rotation  data  are  adjusted  to  a  zero  degree  start  by 
subtracting  the  Initial  angle  In  each  case* 

Subsequently,  general  factors  which  Influence  the  point  efficiency  in 
multipass  Btep-up  gearing  are  discussed.  In  addition,  an  explanation  is  given 
I'or  the  fact  that  the  mid-cycle  efficiencies  of  the  three  pass  meshes  are  some¬ 
what  higher  than  those  of  the  two  pasB  meshes  when  both  operate  in  a  spin  envi¬ 
ronment. 


The  point  efficiency  comparisons  were  obtained  with  the  following 
conditions  common  to  ail  over-all  and  component  raeBhost 

a.  The  worst  possible  starting  conditions  were  used  for  all  component 
mashes  (.1^  "  0,  for  the  Involute  meshes,  and  ■  0.9,  for  the  clock  gear 
meshes) . 


b.  AIL  mcohes  have  essentially  the  same  Btep-up  ratio  (47.265  for  the 
two  pass  trains  and  47.25  for  the  three  pass  trains). 

c.  When  spin  was  simulated,  the  constant  input  moment  used  ap¬ 
proximated  the  one  produced  by  an  appropriately  sized  rotor  at  a  spin  rate  of 
1000  rpm.  For  the  no-spin  runs,  the  identical  constant  Input  moment  was  used. 

d.  The  same  coefficient  of  friction,  l.e.,  u  ■  0.2,  was  used  for  all 
meshes  and  conditions.  It  applies  to  pivot  as  well  as  to  tooth  contact  friction. 

e.  All  involute  meshes  have  unity  contact  ratio.  This  also  applies  to 
clock  type  mushes  since  In  this  type  of  gearing  there  can  never  be  more  than  one 
net  of  teoth  in  contact. 


Overall  Conclusions 

The  following  conclusions  were  drawn  from  table  9  and  figure  7t 

1.  For  a  given  mesh  and  spin  condition  there  is  no  significant  differ¬ 
ence  in  maximum  and  minimum  point  efficiencies  for  the  types  of  involute  and 
clock  gearing  used.  (Compare  runs  Al  to  A3,  Bl  to  B3,  A2  to  A4,  and  B2  to  B4.) 

2.  In  the  absence  of  spin  the  two  pass  step-up  meshes  show  higher 
maximum  and  minimum  point  efficiencies  than  the  three  pans  meshes.  (Compare  runs 
Al  and  Bl  us  well  ns  runs  A3  and  B3.) 

3.  While  it  is  somewhat  surprising  that  there  Is  no  difference  between 
the  initial  contact.,  l.e.,  minimum,  point  efficiencies  of  two  and  three  pass  gear 
trains  operating  in  a  spin  environment,  it  is  even  more  surprising  that  the  maxi¬ 
mum  ef  f  lc.  tone  ten  of  the  three  pass  trains  aro  somewhat  higher  than  those  of  the 
two  pass  trains.  (Compare  runs  A2  and  B2  sb  well  as  runs  A4  and  B4  in  table  9.) 
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The  average  point  efficiency  of  the  three  paas  gear  trains  la  higher  (fig. 
7).  This  fact  is  reflected  by  the  aomewhat  higher  cycle  efficiencies  of  the 
three  paaa  trains.  (For  a  definition  of  the  cycle  efficiency  t r  see  equation  4, 
[ref  l.]>  The  following  values  for  the  various  cycle  efficiencies  are  listed  at 
the  end  of  the  computer  outputs  in  the  previously  mentioned  appendixes! 

two  paaa  involute:  e^.  *  0.385,  three  paaa  involute:  Gq  ■  0.414 

two  pass  clock:  ■  0.379,  three  paaa  clock:  G^  “  0.404 

These  lower  efficiencies  of  the  two  paaa  traina  have  their  cause  in  the  need 
for  a  heavier  gear  in  the  second  mesh  of  these  trains.  This  causes  a  larger 
centrifugal  force  and  with  that  a  larger  referred  pinion  friction  moment  than  is 
the  case  for  the  three  pass  trains.  (For  detail  see  the  discussion  in  the  sec¬ 
tion  entitled  Explanation  of  Higher  Efficiencies  of  Three-Pass  Trains.) 

The  graphs  of  the  two  pass  trains  Bhow  the  multiple  cyclic  variations  in 
point  efficiency  of  the  second  mesh  superposed  on  the  single  cycle  of  point  effi¬ 
ciency  of  the  first  mesh.  Similar  superpositions  of  mesh  point  efficiencies  may 
be  observed  in  the  graphB  of  the  three  pasB  trains. 

A  decrease  in  the  amplitudes  of  all  cyclic  variations,  based  on  geometrical 
rathar  than  frictional  modifications,  represents  a  meaningful  optimisation  goal 
for  this  type  of  gear  train  (fig.  7).  This  might  be  facilitated  by  decreasing 
the  approach  action  of  all  Involute  meshes  as  much  as  possible,  while  maintaining 
at  least  a  unity  contact  ratio. 


General  Factors  which  Influence  the  Point  Efficiencies  of 
Multipass  Step-up  Gear  Meshes 

To  understand  the  factors  which  determine  the  point  efficiencies  of  multi¬ 
pass  step-up  trains,  one  must  consider  the  general  form  which  the  associated 
expression  takes  with  or  without  the  presence  of  spin. 

Equation  3  of  reference  1  defines  point  efficiency  as 


c  ■  K 
p  RATIO 


where 


(27) 


kRATI0  “  instantaneous  angular  velocity  ratio  of 
the  output  pinion  to  the  input  gear 

M0  -  the  instantaneous  output  equilibrant  moment 

M^n  ■  the  instantaneous  input  moment 
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The  output  moment  expression  for  the  various  meshes  and  contact  conditions  was 
shown  in  reference  1  to  be  of  the  fornr 

Mo  -  KinMm  -  Iv>2  <28> 

where 

K^n  -  a  constant  for  a  given  train  configuration  which  depends  on 
various  geometric  parameters  associated  with  the  gears  and 
pinions  of  the  train*  In  addition  it  is  a  function  of  the  tooth 
geometry,  the  pivot  locations,  the  pivot  radii,  and  the  overall 
coefficient  of  the  friction, 

«  constants  which  are  dependent  on  the  same  parameters  as  Kin- 
In  addition  they  are  functions  of  the  individual  gear  or  gear 
and  pinion  masses  m,«  (i  ■  1,  2,  3  for  two  pass  meshes,  while 
for  three  pass  mesnes  i  ■  1,  2,  3,  4.) 

u>  ■  the  constant  angular  velocity  of  the  fuse  body. 


For  a  rotor  driven  mechanism,  with  constant  spin  velocity,  the  input  moment 
Min  has  the  form 

Min  “  ml  Vc  y2  Blna  (29) 


where 

mj_  »  mass  of  the  rotor,  i.e>,  of  gear  1 

<R^  ■  distance  from  spin  axis  to  rotor  pivot  axis 

rc  -  distance  of  rotor  center  of  mass  from  rotor  pivot  axis 

u  -  rotor  angle  with  respect  to  fuze  body 


Substitution  of  equations  28  and  29  into  equation  27,  followed  by  some  rear¬ 
rangement  of  terms,  gives  the  following  expression  for  the  point  efficiency  of 
spin  rotor  driven  gear  meshes; 


£  M  K 

p  ’'‘RATIO 


Kin"l  VcBlno 


(30) 


^See  the  following  expressions  in  reference  1;  A-125,  A-193,  H-81 ,  H-118,  H-158, 

11-180,  H-216,  H-218,  H-239,  H-24I,  H-260,  H-261,  H-277,  and  H-278. 


Kquation  30  shows  that,  the  point  efficiency  Is  independent  of  spin 
velocity.  It  may  be  maximized  for  a  given  configuration  by  making  the  constant 
Kjn  together  witli  the  denominator  of  the  second  term  inside  the  parenthesis  as 
large  as  possible,  while  keeping  the  summation  term  as  small  as  possible. 

No  conclusions  concerning  the  influence  of  the  angular  velocity  ratio 
on  the  point  efficiency  may  be  drawn  since  the  terras  inside  the  parenthesis  are 
also  related  to  various  gear  ratios. 

In  caBe  these  types  of  geAr  trains  operate  without  spin  and  the  tnput  moment 
is  supplied  by  a  spring,  equation  28  becomes 


M 


o 


Kin  Min  * 


(31) 


and  the  point  efficiency  expression  (equation  27)  reduces  to 

i 


cp  "  kRATI0  Kin  (32> 

For  a  given  velocity  ratio  of  the  train,  the  point  efficiency  can  again  be 
maximized  by  maximizing  the  constant  .  This  value  la  larger  for  a  two  pass 
configuration  than  for  a  three  pass.  (Refer  to  caBes  1  and  3  of  table  9.) 


Explanation  of  Higher  Efficiencies  of  Three-Pass  Trains 

The  unexpectedly  equal  or  higher  point  efficiencies  of  the  three  pass 
meshes,  when  compared  with  those  of  the  two  pass  moBhes,  may  be  principally  ex¬ 
plained  by  the  need  for  a  larger  pitch  radius,  and  with  that  of  a  larger  mass, 
for  gear  no.  2. 5  This  larger  mass,  and  the  associated  larger  spin  axis  to  pivot 
axis  distance,  causes  e  larger  centrifugal  force  and  with  that  a  larger  pivot 
friction  moment  than  is  the  case  for  the  comparable  mesh  of  the  three  pass  train 
with  its  lower  8tep-up  ratio.  In  addition,  the  increased  atep-up  ratio  contri¬ 
butes  to  the  decrease  In  the  available  input  moment.  (See  discussion  concerning 
referred  friction  moments  below.) 

The  above  la  best  illustrated  by  comparing  the  sums  of  the  Individual  pivot 
friction  moments  due  to  centrifugal  forces  only,  as  referred  to  the  Input  gear, 
for  both  types  of  gear  trains. 


5 

''Every  effort  was  made  during  the  design  of  the  two  pass  train  to  keep  the  gear 
and  pinion  masses,  together  with  the  spin  axis  to  pinion  axis  distance,  as  small 
as  possible  (table  10). 


If  the  friction  moment  on  an  Individual  gear  and,  or,  pinion  is  given  by 
Mf£,  the  referred  friction  moment  Mfj.,  acting  on  the  input  gear,  may  bo  found  by 
way  of  the  principle  of  virtual  work  from 

^fli  “  ^fi  (33) 

where 

*  angular  velocity  ratio  between  the  ith  gear  and,  or,  pinion 
and  gear  no.  1  (Average  values  must  be  ueed  for  clock  type 
gears.) 


i  ■  the  gear  or  pinion  number.  For  the  two  paaa  train  1-1,  2,  3  and 

for  the  three  pass  train  i  ■  1,  2,  3,  A. 

The  friction  moment  due  to  the  centrifugal  force  only  on  any  Individual 
component  ia  given  by 

n 

Mfi  *  hw  (3A) 

where 

Em  ■  mass  of  individual  component 

^  ■  distance  from  spin  axle  to  individual  pivot  axis 

Pj  •  Individual  pivot  radius 

U  *  coefficient  of  friction 


The  parameters  of  equations  33  and  3A  together  with  the  referred  moments 
Mfi |  for  both  typea  of  gear  trains  are  listed  in  table  10.  The  Bum  of  the  refer¬ 
red  friction  momenta  Is  higher  for  the  two  pass  meshes  than  for  the  three  pees 
meshes,  and  thus  represents  a  greater  reduction  of  the  identical  input  moment. 
For  a  spin  rate  of  1000  rpra  and  a  coefficient  of  friction  of  |i  ■  0.2,  these  fric¬ 
tion  moments  become  1.02  x  10”*  and  0.71  x  10”*  in. -lb,  respectively.  This  shows 
a  considerable  increase  of  friction  for  the  two  pass  train  if  one  considers  that 
the  input  moment  Mjn  has  a  magnitude  of  3.01  x  10‘”2  in. -lb.  (See  data  printouts 
In  the  various  computer  programs  in  the  appendixes.) 
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Table  10.  Comparison  of  referred  friction  moments 


Parameter 

Two  paae  train 

Three  paaa  train 

0.225  in. 

(0.572  cm) 

0.225  in. 

(0.572  cm) 

«2 

0.497 

(1.262) 

0.436 

(1.107) 

«3 

0.640 

(1.62ft) 

0.504 

(1.280) 

«4 

- 

0.520 

(1.32U 

ml 

0.120  x  IQ"3  lb-»2/in. 
(2.101  x  10“2  kg) 

0.120  x  10-3  lb-a2/in. 
(2.101  x  10“2  kg) 

0.253  x  10"4 
(4.430  x  10-3) 

0.850  x  10“3 
(1.488  x  10"3) 

®3 

0.153  x  10“3 
(2.679  x  10“4) 

0.340  x  10“3 
(5.953  x  10"4) 

“4 

- 

0.150  x  1Q“5) 

(2.62  x  10“4) 

P1 

0.062  in. 

(0.157  cm) 

0.062  in. 

(0.157  cm) 

p2 

0.025 

(0.064) 

0.025 

(0.064) 

p3 

0.018 

(0.046) 

0.018 

(0.046) 

p4 

0.016 

(0.041) 

V;i 

6.875 

5.25 

V*i 

47.265 

15.75 

h'h 

- 

47.25 

Mtll 

1.674  x  10"®  MW?  in. -lb 
(0.189  x  10“6  M<»2  (N.m) 

1.674  x  10"®  MW2  in. -lb 
(0.189  x  10"“  Mw-1  (N.m) 

Mt'  12 

21.61  x  10'7  W«2,. 

<0.244  x  10'6  l»>2) 

4.864  x  10” 7  M«2 
(0.550  x  10”7  |K«r) 

Mf  13 

8.331  x  10"7  MW2 
<0.941  X  IQ-7  MW2) 

4.858  x  10"7  MW2 
(0.549  x  10"7  MW2) 

«fl4 

- 

5.897  x  10"  7  MW2 
(0.666  x  10"7  MW2) 

Kua  ot  referred 
Friction  momenta 

46.601  x  10'7  iwl2 
(5.275  x  10-7  M^2) 

32.359  x  10 '7  MW2 
(3.657  x  1U"7  MW2) 
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APPENDIX  A 


COMPUTER  PROGRAM  INVOL3  (REVISED) 


A? 


■|V*i 


the  original  program  descriptions  were  given  in  appendix  C  of  Fuze  Gear 
Train  Analysis  (ref  A-l).  The  present  appendix  contains  revised  descriptions, 
listings  and  sample  outputs  of  computer  program  INV0L3,  which  computes  point  and 
cycle  efficiencies  for  throe  pass  involute  gear  trains  in  a  spin  environment. 
All  meshes  have  unity  contact  ratio. 


The  following  changes  were  made: 

1.  The  diametral  pitches  of  All  three  meshes  are  given  an  data  and  are 
printed  in  the  output. 

2.  The  numbers  of  teeth  of  all  three  meshes  are  given  as  data  and  are 
printed  in  the  output. 

3.  The  initialization  parameters  a  (one  for  each  mesh)  are 
introduced.  They  are  given  as  part  of  the  data  and  are  printed  in  the  output* 
This  parameter  allows  the  initial  point  of  contact  of  a  given  meah  to  be  chosen 
at  an  arbitrary  point  within  the  range  of  possible  contact  points. 

4.  The  angles  P  (equations  A-200  and  A-202,  ref  A-l)  are  now  printed 
out  by  the  program  in  order  to  be  able  to  judge  the  effectB  of  various  changes  in 
the  configuration  of  the  gear  train. 


The  computer  program  1NV0L3  Is  based  on  the  moment  input-output  relationship 
for  a  three  pass  step-up  gear  train  operating  in  a  apin  environment.  All  meshes 
have  unity  contact  ratio.  The  nomenclature  of  the  program  is  choeen  to  coincide 
as  closely  as  possible  with  that  of  the  original  derivations*  The  expressions 
for  the  contact  geometry  and  other  auxiliary  geometric  terms  may  be  found  in 
appendix  A  (ref  A-l). 


Input  Parameters 

The  following  parameters  represent  the  input  data  for  the  program.  Those 
which  Involve  gear  dimensions  only  must  be  obtained  from  the  results  of  INV0L1 
(ref  A-l)  since  the  moment  expressions  are  derived  for  unity  contact  ratio  only: 

psubdi  -  rdl 

PSUBD2  -  Pd2 
P3UBD3  -  Pd3 
NGl  -  NC1 
NP2  Np  2 

NG2  -  Ng2 
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NP3  -  Np3 
N03  ■  Ng3 

NP4  ■  Np4 

MU  ■  H,  coefficient  of  friction  at  all  pivots  and  at  all 

tooth  contact  points 

RPM,  revolutions  par  minute  of  the  fuse  body 
CAPRP1  -  R^ 

CAPRP2  -  Rp2 
CAPRP3  -  Rp3 
RP2  -  rp2 
RP3  -  rp3 
RP4  -  rp4 
THETAl  -  91 
THETA2  -  02 
THETA3  -  63 

ISTOP,  arbitrary  single  digit  integer  for  multiple  data 
nets.  It  must  be  zero  for  last  set  of  data. 


R1 

-«1 

R2 

■  (^2 

R3 

-  flj 

R4 

RU01 

-  Pl 

RH02 

“  p2 

RH03 

*  P3 

RH04 

Q. 

1 

CAPRB1 

“  Rbi 

CAPRB2 

"  ^2 
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CAPRB3 


I 


I 

*•  I 

t 

I 


“  Rb3 

RB2  “  rb2 

RB3  * 

RBA  -  rbA 

CAPR01  -  Rq1 

CAPR02  -  Rq2 

CAPR03  -  Rq3 

R02  “  ro2 

ro3  -  4 

I 

R04  “  r  . 

o4 

Ml  ■  m^,  mass  of  Input  gear  1 

M2  >a  ra2>  0888  of  8ear  and  pinion  2 

M3  ■  m3,  mass  of  gear  and  pinion  3 

M4  ■  M^,  mass  of  pinion  4 

MD  ■  md2,  mass-distance  product  contained  in  the 
expression  for  the  input  moment  M^n 

K  ■  K3»  the  range  divisor  which  is  associated  with 

gear  3,  the  driving  gear  of  the  last  mesh  (eq.  A-211, 
ref  A-l) 

Jl,  J2,  J3,  initialization  parameters 
Computations 

Computation  of  MIN,  GAMMAS  and  BKTAS 

To  start  with,  the  program  computes  the  input  moment 

MIN  -  Mln  -  md2w2  (A-l) 

Subsequently,  the  angles  l2>  Y3>  Ti*  and  Si,  S2,  63  are  established  according  to 
the  expressions  given  in  appendix  A  (ref  A-l). 


53 


Determination  of  the  Gear  Train  Constanta 

The  determination  of  the  gear  train  constants  consists  of  the  following: 

RATIO  -  Kratio  2,  ref  A-l).  Since  the  angular  velocity  is 
constant,  this  parameter  may  be  expressed 
in  terms  of  the  applicable  base  radii,  i.e., 


Rbl  *  Rb2  x  Rb3 
rb2  x  rb3  x  rb4 

TESTl ,  TEST2,  and  TBST3  represent  the  tangent  functions  of  the  mesh 
pressure  angles,  which  are  used  in  conjunction  with  the  values  of  the  signum 
functions  n. 

Dl,  D2,  and  D3  are  given  by  aquations  A-204,  A-217,  and  A-223,  reference 
1,  respectively,  and  represent  the  distances  between  the  points  of  tengency  to 
the  base  circles  along  the  lines  of  action  of  the  three  meshes. 

MTOT  M  0  represents  the  initialisation  of  the  sum  of  the  output 
moments.  This  Is  used  for  the  determination  of  the  cycle  efficiency. 


Determination  of  Earliest  and  Latest  Possible  Values  of 
ALPHAS,  Initialisation  of  ALPHAS.  Centrifugual  Forces 

The  determination  of  the  earliest  and  latest  possible  angles  of  rotation 
Is  accomplished  with  the  help  of  subroutine  ALPHA,  at  the  end  of  the  program, 
which  makes  use  of  equations  A-205,  A-206,  A-21R,  A-219,  A-224,  and  A-225,  ref¬ 
erence  A-l.  The  angles  of  initial  contact  are  determined  with  the  help  of  the 
initialisation  parameters  according  tot 


al  "  altN  +  ^l^iFIN  ”  alItP  ^ , 2 , 3 >  (A-2) 


The  additional  parameter  serves  to  distinguish  between  the  two  pos¬ 
sible  contact  conditions  of  mesh  no.  1.  ■  0  when  the  first  set  of  teeth  is  in 

contact.  J4  ■  1  when  the  latest  possible  value  of  has  been  reached  and  con¬ 
tact  Is  transferred  to  the  second  set  of  teeth.  ■  0  at  all  times  when  ■  0, 
l.e.,  contact  Is  made  In  mesh  no.  1  at  the  earliest  possible  point,  and,  there¬ 
fore,  contact  need  never  be  transferred  to  the  second  set  of  teeth  to  obtain  a 

complete  cycle  (cards  no.  116  and  131). 

The  angular  increments  of  gears  3,  2,  and  1,  l.e.,  DELAL3,  DELAL2,  and 

DF.LALl  are  determined  with  the  help  of  equations  A-211  through  A-213  (ref  A-l), 
respectively. 


54 


k  ,*y; 
..  '  '  1 


The  centrifugal  forces,  which  act  on  the  pivots  of  the  various  gear 
and/or  pinion  assemblies,  are  obtained  by  way  of  equations  A-33,  A-57,  A-84,  and 
A-107  (ref  A-l). 

Point  and  Cycle  Efficiencies 

Both  point  and  cycle  efficiencies  are  based  on  equations  A-125  (ref  A-l) 
for  the  output  moment  M04  ■  M^. 

The  point  efficiency  la  computed  directly  in  the  manner  of  equation  3, 
(ref  A-l)  i.e., 


Ep  -  “ratio  if  -  P0INTEF 

in 


(A-3) 


The  cycle  efficiency  is  treated  in  the  manner  of  equations  C-8,  (ref  A- 
1),  i.e. , 


_  KRATIOAal  ^o^ 
p  Min  (alFIN  ‘  alIN* 

The  program  gives  the  eummatlon  as 


CYCLEFF 


(A-4) 


MTOT  -  CM 


Gear  Train  Motion  Model 


(A-5) 


The  simulation  of  the  gear  train  motion,  which  is  necessary  for  the 
computation  of  both  POINTKF  and  CYCLEFF,  la  found  in  a  loop  which  starts  with 
statement  label  no.  14  (card  no.  129)  'and  ends  with  card  no.  213.  As  discussed 
earlier,  the  motions  of  the  individual  driving  geare  are  initialised  with  the 
help  of  the  parameters  Jj,  J2,  and  J3.  The  position  of  each  mesh  is  subsequently 
Incremented  by  the  appropriate  DELALl,  DELAL2,  or  DELAL3.  Whenever  the  Jj's 
(1*1, 2, 3)  are  not  equal  to  aero,  and  one  of  the  angles  a.  ^  has  been  reached, 
the  particular  mesh  is  reset  to  its  respective  angle  a.I(.  *sfnce  mesh  2  and  3  go 
through  numerous  cycles  while  raosh  1  goes  through  one  cycle,  thin  type  of  reset¬ 
ting  occurs  many  times  (cards  no.  129  snd  130).  When  -  0,  i.e.,  contact  in 
meah  1  is  made  at  the  earliest  possible  point,  CYCLEFF  is  determined  ind  the 
computation  is  ended  once  the  angle  AL1FIN  -  DELAL1  is  reached.  When  *  0,  the 
above  occurs  when  ALPHA1  reaches  the  magnitude  of  its  initial  angle  minus 
DELALl.  (The  nature  of  the  numerical  integration  requires  that  only  K  computa¬ 
tions  be  included.) 

The  values  of  the  signum  functions  Sj,  a2,  and  s*  are  determined  contin¬ 
uously  according  to  equations  A-216,  A-222,  and  A-227  (rer  A-l). 


a  uwfcmsMtnjy  n -A-  ‘4  tv. ; 
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The  instantaneous  distances  to  the  contact  points,  i.e.,  A1  «  a^  and  A2  - 
ao,  and  A3  ■  are  determined  for  each  of  the  mashes  by  an  appropriate  adapta¬ 
tions  of  equation  A-203  (ref  A-l)  (also  eqs  A-214,  A-220,  and  A-226,  ref  A-l), 

The  determination  of  the  instantaneous  output  moment  M04  ■  M(,A  requires 
the  continuous  computation  of  the  variable  quantities  Aj  to  Aj0,  to  C*  and  Dj 
to  D^,  which  are  given  originally  in  conjunction  with  the  various  equilibrium 
conditions  in  appendix  A  (ref  A-l).  The  program  uses  the  following  nomenclature 
for  these  variables: 

AA1  to  AA20 

CC1  to  CC6 

DD1  ' to  DD4 


Output 

Again,  the  output  of  the  program  is  best  explained  by  means  of  the  sample 
computation  which  is  shown  at  the  end  of  the  program.  This  example  uses  the  gear 
data  of  the  first  three  sample  computations  of  program  INVOLl.  The  output  lists 
the  following: 

Input  Parameters 
Mesh  No.  I 


CAPRP1 

“  v  - 

0.47727 

in. 

(1.2123  cm) 

PSUBD1  - 

Pdl  " 

44 

CAPRBl 

■  Rbl  " 

C* 

oo 

"■a- 

<3- 

o 

in. 

(1.13916  cm) 

N01 

Noi  - 

42 

CAPR01 

“  Rol  " 

0.48791 

in. 

(U2393  cm) 

Nl’2 

Np2  * 

8 

RP2 

“  rn2  " 

0.09091 

In. 

(0.2309  cm) 

Jl 

0 

RB2  -  rb2  -  0.08543  in.  (0.2170  cm) 

R02  -  r'  -  0. L 1000  in.  (0.2794  cm)  (This  is  a  R0FIN 

sb  given  by  INV0L1.) 

Also, 

THBTAl  -  9j  -  20s 

Mesh  No.  2 

CAPRP2  -  Rp2  -  0.20769  in.  (0.5275  cm)  PSUBD2  ■  Pd2  -  65 

CAPRB2  -  Rh2  -  0.19517  in,  (0.4957  cm)  N02  -  Ng2  ■  27 
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CAPR02 

“  Ro2 

“ 

0.21579  In. 

(0.5481  cm) 

NP3  -  Np3  -  9 

RP3 

"  rp3 

m 

0.06923  In. 

<0.1738  cm) 

J2  •>  0 

RB3 

“  rb3 

m 

0.06506  in. 

(0.1652  cm) 

R03 

m 

0.08089  in. 

(0.2055  cm) 

Also 

THETA2 

-  92 

- 

20° 

Mesh  No.  3 

CAPRP3 

“  Rp3 

- 

0.17532  In. 

(0.4453  cm) 

PSUBD3  »  Pd3  - 

CAPRB3 

“  Rb3 

M 

0.16475  in. 

(0.4183  cm) 

NG3  -  Ng3  - 

CAPR03 

"  Ro3 

m 

0.18216  in. 

(0.4627  cm) 

NP4  -  Np4  - 

RP4 

‘  rp4 

m 

0.05844  in. 

(0.1484  cm) 

J3  -  0 

RB4 

“  rb4 

m 

0.05492  in. 

(0.1395  cm) 

R04 

t 

“  ro4 

- 

0.06828  in. 

(0.1734  cm) 

Also, 

THETA3  - 

°3  “ 

20 

0 

In  addition, 

MU 

-  M 

m 

0.2 

RPM 

-  1000 

Ml 

■ 

m 

0.12  x  10“3 

lb-secZ/in. 

(2.101  x  10"Z  kg) 

M2 

-  m2 

m 

0.85  x  10"5 

lb-s«cz /in. 

(1.488  x  10‘3  kg) 

M3 

■  ra3 

m 

0.34  x  10"5 

lb-socz /in. 

(5.952  x  10"4  kg) 

M4 

■  “4 

m 

0,15  x  10“5 

lb-secZ/in. 

(2.626  x  10”4  kg) 

R1 

* 

m 

0.225  in.  (0 

.5715  cm) 

R2 

-  «2 

m 

0,436  in.  (1 

.1074  cm) 

R3 

■ 

m 

0.504  in.  (1 

.2802  cm) 

R4 

■ 

m 

0.520  in.  (1 

.3208  cm) 

77 

27 

9 
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-»•  iatikjiimiii  AlUdliaiaaiiaiil 


RH01 


VAU  1 

K 


“  Pi 


RH02 

m 

p2 

R1103 

BS 

p3 

RH04 

m 

p4 

MD 

m 

md' 

K 

m 

25 

0.062  In.  (0.1575  cm) 

0.025  in.  (0.0635  cm) 

0.018  in.  (0.0457  cm) 

0.016  in.  (0.0406  cm) 

0.275  x  10“5  lb-aec2-ln.  (3.105  x  10"7  kg-m2) 


Computed  Values 

The  point  efficiency  is  given  as  a  function  of  the  angle  a^,  together 
with  the  flignum  parameters  s2,  and  s^  (given  for  checking  purposes).  The 
cycle  efficiency  is  shown  at  the  end  of  the  output.  In  addition,  the  input  mo¬ 
ment  MIN  la  printed  out  as  well  as  BETA1D,  BETA2D,  AND  BETA3D. 
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Computer  program  INV0L3 


Ul  O  * 
H  H  M  *“ 

S  °S  !l 

H  Ui  tt  * 

I  3(3 

«  a  <  n 
ui  a  t  "» 
a  z  3  ‘ 

S  8  ^ 

»-*  V  >  o 

a  <h  a 

a  a  m  * 

S  ui  i  o 
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Computer  program  INV0L3  (cont) 
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APPENDIX  B 


COMPUTER  PROGRAM  INVOL4  (REVISED) 


r.‘: *1  iay ./.  .  ';>•  *  - ■ 


The  original  program  descriptions  were  given  in  appendix  C  of  Fuze  Gear  Train 
Analysis  (ref  8-1).  The  following  appendix  contains  revised  descriptions,  list¬ 
ings  and  sample  outputs  of  computer  program  INV0L4,  which  computes  point  and 
cycle  efficiencies  for  two  pass  involute  gear  trains  in  a  spin  environment.  All 
meshes  have  unity  contact  ratio. 

The  following  changes  were  made; 

1.  The  diametral  pitches  of  both  meshes  are  given  as  data  and  are 

printed  In  the  output. 

2.  The  numbers  of  teeth  of  both  meshes  are  given  aa  data  and  are 

printed  in  the  output. 

3.  Tine  initialisation  parameters  J  (one  for  each  of  the  two  raeahes)  are 
introduced.  They  are  given  aa  part  of  the  data  and  are  printed  in  the  output. 
Again,  these  parameters  allow  the  Arbitrary  choice  of  the  initial  point  of  con¬ 
tact  of  a  given  mesh  anywhere  within  the  range  of  possible  contact  points. 

In  addition  to  these  changes,  it  contains  gear  computations  (according  to 

program  INV0L1)  which  are  necessary  to  give  the  two  pass  step-up  gear  train  the 

same  overall  gear  ratio  aa  that  of  the  three  pass  step-up  gear  train. 

The  program  INV0L4  is  based  on  appendix  A  (ref  B-l)  which  derives  the  moment 
input-output  relationship  for  a  two  pass  step-up  gear  train,  operating  in  a  spin 
environment.  Hera  again,  all  mashes  have  unity  contact  ratio.  1NV01.4  is  very 

similar  to  INV0L3  in.  its  construction.  Again,  the  expressions  for  the  contact 

geometry  and  other  auxiliary  geometric  terms  may  be  found  in  appendix  A  (ref  B- 

1). 

Input  Parameters 

The  following  parameters  represent  the  input  data  for  the  program.  Those 

which  involve  gear  dimensions  only  must  be  obtained  from  the  results  of  XNVOLl 
(ref  B-l)  since  the  moment  expressions  are  again  derived  for  unity  contact  ratio 
only. 

psubdi  -  rdl 

P0UBD2  -  Pd2 

NG1  -  Ncl 

NP2  -  Np2 

NG2  -  Ng2 

NP3  -  Np3 

MU  *  u,  coefficient  of  friction  at  all  pivots  and  at  all 
tooth  contact  points 


RPM,  revolutions  per  minute  of  the  fuse  body 


CAPRP1 

“  Rpl 

CAPRP2 

“  *p2 

RP2 

"  rp2 

RP3 

'  rp3 

THETAL 

-  9X 

THETA2 

"  02 

ISTOP 

arb 

It 

R1 

- 

R2 

-«2 

R3 

■  % 

RH01 

“P1 

RH02 

-  P2 

RH03 

“  P3 

CAPRB1 

“  Rbl 

CAPRB2 

“  Rb2 

RB2 

‘  *b2 

RB3 

"  rb3 

CAPR01 

’  Rol 

CAPR02 

“  Ro2 

R02 

•'« 

R03 

Ml 

“ 

M2 

“  ®2' 

M3 

-  m3, 
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2 

MU  =*  rad  ,  mas a -distance  product  contained  In  the  expression 
for  the  input  moment  M^n 

K  -  K2,  the  range  divisor  which  is  associated  with  gear  2, 
the  driving  gear  of  the  Last  mesh  for  this  case 
(eq  A-207,  ref  B-l) 

J I,  J2>  initialization  parameters 
Computations 

Computation  of  MIN,  Gammas  and  BetaB 

To  start  with,  the  program  computes  the  input  moment 

MIN  -  Mln  ■  md2(^  (B-l) 

The  program  computes  the  angles  Y2,  Y-j  and  Pp  P2  according  to  the  expres¬ 
sion  given  in  appendix  A  (ref  B-i). 


Determination  of  the  Gear  Train  Constants 

The  determination  of  the  gear  train  constants  consists  of  the  following; 

KATIO  -  Kba-tio'  ^e<l  2>  B-1)1  Since  the  angular  velocity  1b 

constant,  this  parameter  may  bo  expressed  in  terms 
of  the  applicable  base  radii,  i.e., 

Rbl  *  Rb2 
‘b2  *  rb3 

TEUT1  and  TiiST2  represent  the  tangent  functions  of  the  mesh  pressure 
angles,  which  are  used  in  conjunction  with  the  values  of  the  signum  functions  s. 

U1  and  02  are  given  by  equations  A-204  and  A-217  (ref  B-l),  respective¬ 
ly,  and  represent  the  distances  between  the  points  of  tangency  to  the  base  cir¬ 
cles  along  the  lines  of  action  of  the  two  meshes. 

MTQT  -  0  represents  the  initialization  of  the  sum  of  the  output 
momenta.  This  Is  used  for  the  determination  of  the  cycle  efficiency. 


75 


Determination  of  Earliest  and  Latest  Possible 
Values  of  ALPHAS,  Initialization  of  ALPHAS* 
Centrifugal  Forces 


the  determination  of  the  earliest  and  latest  possible  angles  of  rotation 
is  accomplished  with  the  help  of  subroutine  ALPHA,  at  the  end  of  the  program, 
which  makes  use  of  equations  A-205,  A-206,  A-218,  and  A-219  (raf  B-l).  The 
angles  of  initial  contact  a.  are  determined  with  the  help  of  the  Initialization 
parameters  according  tot 


“i  “  “UN  +  Ji<aiFIN  “  W  (B“2) 


The  additional  parameter  J-j  serves  to  distinguish  between  the  two  pos¬ 
sible  contact  conditions  of  mesh  no*  1*  J3  *  0  while  the  first  set  of  teeth  is 
in  contact.  J3  -  1  when  the  latest  possible  value  of  has  been  reached  and 
contact  is  transferred  to  the  second  set  of  teeth*  J3  -  Oat  all  times  when  « 
0,  i, a . ,  contact  is  made  in  mash  no.  1  at  the  earliest  possible  time,  and  there¬ 
fore,  contact  need  never  be  transferred  to  the  second  set  of  teeth  to  obtain  a 
complete  contact  cycle  (cards  no*  93  and  106)* 

The  angular  increments  of  gears  2  and  1,  i.e.,  DELAL2  and  DELAL1,  are 
determined  with  the  help  of  equations  A-207  and  A-208  (ref  B-l),  respectively* 

The  centrifugal  forces,  which  act  on  the  pivots  of  the  vsrlous  gssr 
and/or  pinion  assemblies,  are  obtained  by  way  of  equations  A-131,  A-1S4,  and  A- 
178  (ref  B-l). 


Point  and  Cycle  Efficiencies 


Both  point  and  cycle  efficiencies  are  baaed  on  equations  A-193  (ref  B-l) 
for  the  output  moment  M0.3  ■  M^. 

The  point  efficiency  is  computed  directly  in  the  manner  of  equation  3 
(ref  B-l)  i.e., 


e 

P 


“RATIO 


o3 


‘in 


POINTEF 


(*~3) 


The  cycle  efficiency  is  treated  in  the  manner  of  aquation  A-3  of  appen¬ 
dix  A,  I.e. , 


e 


C 


“ratio  Aal  **03 

Min  ^lFIN  "  alIN^ 


CYCl.EFF 


(B-4) 


The  program  gives  the  summation  aB 


MTOT  -  Wq3 


(B-5) 


Gear  Train  Motion  Model 

The  simulation  of  the  gear  train  motion,  which  1b  necessary  for  the 
computation  of  both  POINTEF  and  CYCLEFF,  is  found  in  a  1 oop  which  begins  with 
statement  label  no.  14  (card  no.  103)  and  endB  with  card  no.  171. 

The  motions  of  the  individual  driving  gears  are  initialized  with  th« 
help  of  the  parameters  and  J2«  The  position  of  each  mebh  is  subsequently 
incremented  by  the  appropriate  DELALl  and  DELAL2.  Whenever  the  J^'s  (1*1,2)  are 
not  equal  to  aero,  and  one  of  the  angleB  has  been  reached,  the  particular 

mesh  is  reset  to  its  respective  angle  a.IN  Bfncc  mesh  2  goes  through  a  number  of 
cycles  while  mesh  1  goes  through  one  cycle!  mesh  2  has  to  be  reset  to  Its  start¬ 
ing  position  AL2IN  once  the  angle  AL2FIN  has  been  reached.  Tills  is  accomplished 
by  the  conditional  statement  on  card  no.  105.  When  *  0,  i.e.,  contact  In  mesh 
1  is  made  at  the  earliest  possible  point,  CYCLEFF  is  determined  and  the  computa¬ 
tion  Is  ended  once  the  angle  ALlFIN  -  DELAL1  1b  reached.  When  **  0,  the  above 
occurs  when  ALPHA1  reaches  the  magnitude  of  its  initial  angle  minus  DELAL1.  (The 
nature  of  the  numerical  integration  requires  that  only  K  computations  be 
included, ) 

The  values  of  the  slgnum  functions  Si  and  82  are  determined  continuously 
according  to  equations  A-216  and  A-222  (ref  B-l). 

The  instantaneous  distances  to  the  contact  points,  i.e.,  At  ■  and  A2 
-  a2,  are  determined  for  each  of  the  meshes  by  appropriate  adaptations  of  equa¬ 
tion  A-203  (ref  B-l)  (also  equations  A-214  and  A-220  (ref  B-l)). 

The  determination  of  the  instantaneous  output  moment  M03  ■  M03  requires 
the  continuous  computation  of  the  variable  quantities  Aj^  to  A^,  to  C4  and 
to  D3,  which  are  given  originally  in  conjunction  with  the  various  equilibrium 
conditions  in  appendix  A  (ref  B-l).  The  program  uses  the  following  nomenclature 
for  theso  variables! 


AA1 

to 

AA14 

CC1 

to 

GC4 

DD1 

to 

DD3 

Output 


The  output  of  the  program  is  again  best  explained  with  the  help  of  the  sample 
computation  shown  ut  the  end  of  the  program.  ThiB  example  uses  the  gear  data 
with  the  help  of  computer  program  INV0L1.  The  output  lists  tho  following! 


Input  Parameters 
Meah  No.  1 


CAPRP1 

■ 

*pl 

n 

0.55000 

in. 

<1.3970 

cm) 

P8UBD1  -  Pdl 

o 

m 

1 

CAPRBl 

■ 

Rbl 

• 

0.51683 

in. 

(1.3127 

cm) 

N01  -  Nq1 

-  55 

CAPR01 

■ 

Rol 

m 

,0.55936 

in. 

(1.4208 

cm) 

NP2  -  Np2 

-  8 

RP2 

■ 

rp2 

m 

0.08000 

in. 

(0.2032 

cm) 

J1  -  0 

RB2 

M 

rb2 

m 

0.07518 

in. 

(0.1910 

cm) 

R02 

M 

r'  -  0.09655 

in. 

(0.2452 

cm) 

(Thia  ia  a  R07IN 

aa  given 

*2  - 
by  INVOLl . ) 


Also, 

THETAl  ■  6X  -  20* 


Meah  No.  2 


CAPRP2 

m 

Rp2 

m 

0.39286 

in.  (0.9979 

cm) 

PSUBD2 

"Pd2  " 

70 

CAPRB2 

m 

Rb2 

m 

0.36916 

in.  (0.9377 

cm) 

NG2 

-  ng2  - 

55 

CAPR02 

m 

Ro2 

m 

0.39954 

in.  (1.0148 

cm) 

NP3 

-  NP3  - 

8 

RP3 

m 

rp3 

am 

0.05714 

in.  (0.1451 

cm) 

J2 

-  0 

RB3 

m 

rb3 

■ 

0.05370 

in.  (0.1364 

cm) 

R03 

m 

■a 

0.06898 

in.  (0,1752 

cm) 

Alno , 

THETA2  ■  e2  -  20* 
In  addition, 


MU 

M 

u  - 

0.2 

RPM 

am 

1000 

Ml 

me 

n»i  - 

0.12  x  10“  3  lb-aec2/in.  (2.101  x  10“2  kg) 

M2 

m 

■ 

0.253  x  10~4  lb-aec2/in.  (4.430  x  10"3  kg) 

M3 

aa 

3 

1 

0.153  x  10“ 5  lb-sec2 /in.  (2.679  x  10'4  kg) 
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R1  -  flL  0.225  In.  (0.5715  cm) 

R2  »  d?2  “  0.497  In.  (1.2624  cm) 

R3  ■  (Rj  ■  0.640  in.  (1.6256  cm) 

RH01  -  p1  0.062  In.  (0.1575  cm) 

RH02  m  p  m  0.025  In.  (0.0635  cm) 

RR03  -  ■  0.018  in.  (0.0457  cm) 

MD  *  md2  -  0.275  x  10"^  lb-sec2- in.  (3.105  x  10^  kgrm2) 


Computed  Valuos 


The  point  efficiency  is  given  as  a  function  of  the  angle  a^,  together 
with  the  signum  parameters  s ,  and  82  (given  for  checking  purposes).  The  cycle 
efficiency  is  shown  at  the  end  of  the  output.  In  addition,  the  input  moment  MIN 
Is  printed  out. 


Use  of  Computer  Program  INV0L1  to  Obtain  Unity  Contact  Ratio 
Parameters  for  Both  Meshes 


The  following  gives  the  outputs  of  computer  program  INVOLl  (app  A,  ref  B-l) 
for  the  present  two  pass  step-up  gear  mesh  with  a  total  at:ep-up  ratio  of  (55/8)  x 
(55/8)  -  47.265.  The  above  is  essentially  the  same  as  the  gear  ratio  of  the 
three  paso  gear  train  of  appendix  A. 


Output  of  computer  program  INV0L1  (cant) 
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Computer  program  INV0L4  (cont) 


Computer  program  INV0L4  (cont) 
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Computer  program  INV0L4  (cont) 


Computer  program  IHVOIA  (cone) 


Coaputer  program  HJV0L4  (cont) 


Computer  program  IN70L4  (cont) 
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APPENDIX  C 


DESIGN  OF  CLOCK.  TOOTH  GEAR  AND  PINION  SET 
ACCORDING  TO  BRITISH  STANDARD  NO.  978 
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The  present  appendix  deals  with  the  design  of  clock  teeth  according  to 
British  Standard  No.  978  (ref  C— 1 > :  Gears  for  Instruments  and  Clockwork 
Mechanisms;  Part  2,  Cycloidal  Type  Gears. 

Computer  program  BRITSTD,  shows  the  design  of  gear  and  pinion  meshes  with 
clock  teeth  in  such  a  manner  that  its  output  data  may  serve  as  the  input  data  for 
the  computer  programs  CL0CK1,  CL0CK2,  CLOCKS,  and  CL0CK4  of  Fuze  C-ear  Train  Anal¬ 
ysis  (ref  C-2). 


British  Standard  No.  978 

The  British  Standard  No.  978  (ref  C-l)  is  used  to  determine  the  important 
dimensions  for  clock  type  gears  and  pinions.  It  originally  employs  the  module 
(m)  as  a  basic  parameter.  It  is  presently  more  practical  to  operate  in  terms  of 
diametral  pitch  (Pj),  so  that 


With  the  above,  the  module  may  become  an  irrational  fraction. 


Gear  Design  Parameters 


The  important  design  parameters  for  the  gears  of  step-up  meshes  are 
shown  in  tables  2  and  3  of  reference  C-l.  These  parameters  are!  the  tooth 
thickness  along  the  pitch  circle,  the  addendum,  and  the  radius  of  curvature  of 
the  addendum.  The  addendum  factor  f  as  well  as  the  addendum  radius  factor  fr  of 
table  3  of  reference  C-l  are  functions  of  the  gear  ratio  and  the  number  of  teeth 
in  the  mating  pinion.  Similar  information  1b  given  by  charts  1  and  2  of  refer¬ 
ence  C-l. 


Pinion  Design  Parameters 


Pinions  are  designed  according  to  clause  5,  and  figures  3  and  4,  as  well 
as  table  4  of  reference  C-l. 


This  standard  was  used  since  it  was  the  only  complete  standard  available  to  the 
authors  at  the  time  this  work  was  undertaken. 
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Clock  Tooth  Design  With  British  Standard 
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1.  Determination  of  Center  of  Curvature  of  Addendum  Radius 

Before  the  clock  gear  design  program  proper  can  be  shown,  it  Is  neces- 
sary  to  derive  a  procedure  by  which  the  location  of  the  center  of  curvature  C  of 
the  addendum  radius  of  curvature  may  be  determined  whenever  the  center  of  curva¬ 
ture  is  not  located  on  the  intersection  of  the  center  line  of  the  tooth  and  the 
pitch  circle,  l.e.,  the  addendum  height  equals  the  radius  of  curvature  of  the 
addendum. 


The  British  Standard  (ref  C-l)  provides  information  concerning  the 
tooth  thickness  tt  along  the  pitch  circle,  the  addendum  height  H,  as  well  as  the 
radius  of  curvature  p  of  the  addendum.  (Note  change  of  nomenclature  when 
compared  to  reference  C-l.) 

A  schematic  representation  of  a  clock  tooth  which  is  used  in  the  deter¬ 
mination  of  the  coordinates  Cx  and  Cy  of  the  center  of  curvature  C  is  shown  in 
figure  C-l.  The  following  derivation  is  baeed  on  the  idea  that  the  location  of 
the  center  of  curvature  of  a  circle  of  radius  p  may  be  determined  if  the  coordi¬ 
nates  of  the  two  points  W  and  V  on  this  circle  are  known.  The  equation  of  this 
circle  la  given  by 


(x  -  Cx)2  +  (y  -  Cy)2  -  p2 


(C-2) 


For  point  V  with  the  known  coordinates  x  ■  rpx  and  y  -  rpy,  the  above  becomes 


<rpx  “  Gx>  +  ^rpy  “  '“'y)  *  p 


(C-3) 


For  point  W  with  the  known  coordinates  x  ■  0  and  y  ■  r0,  one  obtains 


C2  +  (r  -  C  )2  -  p2 
x  o  y 


(C-4) 


where 


rp  - 

pitch  radius 

ro  ■ 

rp  +  H 

(C-5) 

0  - 

tan“1(t  /2r  ) 

t  p 

(C-6) 

rpx  ’ 

“rp 

(C-7) 

rpy  " 

r  cosB 

P 

(C-8) 
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Simultaneous  solution  of  equations  C-3  and  C-4  leads  to 


C 


y 


2 

-(CD  -  r  E  )  + 

_ O  “ 
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2  2 

(CD  -  rQE  )  - 
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D  + 


2  2  2  2 
(D  +  E  )  (C  -  AE  ) 


2 

E 


(C— 9  ) 


and 


C 


x 


C  +  DCy 
E 


(C-10) 


where,  In  the  above 
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•*-< 

(C-ll) 

B 

m 

(C-12) 

C 

m 

A  -  B 

(C-13) 

D 

m 

2(ro  “  cpy) 

(C-14) 

E 

m 

2rpx 

(C-15) 

It  is  to  be 

noted  that  the  smaller  of 

the  two  possible  solutions  In  equation  C-9 

must  govern. 


2,  Computer  Program  BRITSTD 

The  computer  program  BRITSTD  is  designed  to  furnish  the  Input 
parameters  necessary  for  computer  programs  CL0CK1,  CL0CK2,  CLOCK3,  and  CL0CK4  of 
reference  C-2. 

Input  Parameters.  The  following  parameters  represent  the  input  data 
for  the  computer  program: 


PSUBD 

■  Pd> 

the  diametral  pitch. 

NG 

'  NG‘ 

number 

of 

teeth  of  the 

gear 

NP 

"  Np, 

number 

of 

teeth  of  the 

pinion 
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F  -  f,  constant  for  addendum  computation  (tables  2  and  3  or 

chart  1  of  reference  C~i).  Obtained  by  linear 
interpolation  if  not  directly  available  from 
standard. 

FR  ■  fr,  constant  for  determination  of  radius  of 

curvature  P  (see  tables  2  and  3  or  chart  2,  ref  C- 
1).  Also  obtained  by  linear  interpolation  if  not 
directly  available  from  tables. 

PROFILE  ■  1,  corresponds  to  Profile  A  of  figure  4  and  table 
4  (ref  C-l) 

PROFILE  •>  2,  corresponds  to  Profile  B  of  figure  4  and  table 
4  (ref  C-l) 

PROFILE  ■  3,  corresponds  to  Profile  C  of  figure  4  and  table 
4  (ref  C-l) 

ISTOP  ■  arbitrary  single  digit  integer  for  multiple  data  seta. 

Must  be  aero  for  last  data  aet. 


Computations. 


Design  of  Gear.  "  To  start  with,  the  program  determines  the  module  with 
the  help  of  equation  C-l.  It  further  determines  (for  nomenclature,  see  figure  C- 
!)•• 

TTG  -  ttG,  according  to  table  2  of  reference  C-l.  Note 
that  the  subscript  C  stands  for  gear. 

ADDG  -  Hq,  according  to  table  2  of  reference  C-i 

RHOG  ■  PG,  according  to  table  2  of  reference  C-l 

N  a 

CAPRP  "  Rp  "  ~2~ 

ROG  -  RoC  -  Rp  +  Hg 

BETAG  -  PG  -  (2Rp) 


CAPRPX  »  R^ ,  the  x  coordinate  of  point  V  (fig.  C-l) 
CAPRPY  ■  Rpy,  the  y  coordinate  of  point  V  (fig.  C-l) 
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The  subroutine  CENTER  computes  the  x  and  y  coordinates  and  Cy  of  the 
center  of  curvature  according  to  equations  C-10  and  C-9,  respectively,  together 
with  the  distance  a  -  OC,  as  well  as  the  maximum  tooth  thickness  according  to 


t  -  2  (P  -  C*)  (C-16) 


For  programming  purposes  the  maximum  tooth  thickness  of  the  gear  becomes 


TG  -  tG 

while  for  the  pinion  it  is  expressed  by 
TP  *  tp 


Pinion  Design.  The  computation  of  the  pinion  parameters  starts  with 

the  determination  of  the  pinion  radius 

RP  «  rp 

It  la  to  be  noted  that  the  designations  of  all  pinion  variables  are 

similar  to  those  of  the  gear  variables  with  the  letter  P  substituted  for  the 

letter  G. 

Statement  numbers  29  through  34  represent  profile  selection  tests 

according  to  figure  4  and  table  4  of  reference  C-l.  The  resulting  computations 
depend  upon  the  pinion  profile  chosen  as  well  as  the  number  of  pinion  teeth  in¬ 
volved.  The  specific  pinion  parameters  are  computed  according  to  the  formulae  in 
the  table  4  (ref  C-l).  Whenever  the  addendum  radius  centsr  of  curvature  does  not 
coincide  with  the  pitch  point,  subroutine  CENTER  is  called  for  the  determination 
of  the  desired  dimensions. 

Plesh  Starting  Test.  The  mesh  starting  test  is  baBed  upon  equation  E-49 
(ref  C-2),  'which,  whan  sat  Half led,  assures  that  Initial  contact  is  made  in  the 
round  on  round  phase  of  contact.  To  perform  this  test,  the  parameters  b  (the 
center  distance  between  guar  and  pinion),  the  angle  YG,  according  to  equation  D-5 
(ref  C-2),  and  the  length  of  flat  fG,  according  to  equation  D-7,  (ref  C-2),  must 
first  be  determined.  If  the  mush  starts  in  the  normal  manner,  the  program  will 
print  out  MESH  BEGINS  IN  NORMAL  MANNER.  In  case  the  mesh  cauaeo  an  abnormal 
situation,  the  program  will  print  MESH  BEGINS  WITH  FLAT  ON  ROUND. 

Output .  The  output  of  the  program  is  best  explained  with  the  help  of 
the  first,  of  the  five  sets  of  results  shown  at  the  end  of  the  program.  The  un¬ 
derlined  values  represent  the  needed  Inputs  to  all  computer  programs  dealing  with 
clock  teeth.  The  relevant  values  of  the  first  three  sets  of  results  will  serve 
as  Input  to  the  revised  computer  program  CL0CK3,  as  given  in  appendix  D.  Simi¬ 
larly,  the  relevant  values  of  the  fourth  and  fifth  sots  of  results  represent 
Input  for  the  revised  computer  program  CL0CK4,  given  in  appendix  E. 
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Input  Parameters . 

PSUBD  -  Pd  -  44 

F  -  f  *»  1.450 

FR  -  fr  -  2.137 

PROFILE  -  2.0 

NG  -  tig  ■  42 

NP  ■  tip  ■  B 


Computed  ValueB. 


For  the  gear 


For  the  plnxo> 


CAPRP 

■ 

-  0.47727  In. 

RP 

"  rt> 

-  0.09091  in. 

p 

(1.2122  cm) 

r 

(0.2309  cm) 

AG 

m 

-  0.47343  In. 

AP 

"  *P 

-  0.09083  in. 

w 

(1.2025  cn) 

(0.2307  cm) 

RHOG 

m 

Pp 

-  0.04857  in. 

RK0P 

"  Pp 

-  0.01591  in. 

G 

(0.1234  cm) 

(0.0404  cm) 

TG 

m 

tn 

-  0.03609  In. 

TP 

-  tp 

-  0.02382  in. 

Vi 

(0.0917  cm) 

(0.0605  cm) 

TTG 

m 

ctG 

-  0.03568  in. 

TTP 

-  ttp 

-  0.02386  in 

(0.0906  cm) 

(0.0606  cm) 

GXG 

m 

ScG 

-  0.03052  in. 

CXP 

■  Stp 

-  0.00400  in 

(0.0775  cm) 

(0.0102  cm) 

CYG 

m 

cyG 

-  0.47245  in. 

CYP 

“  cyF 

-  0.09074  in 

(1.2000  cm) 

(0.2305  cm) 

Also,  MESH  BEGINS  IN  NORMAL  MANNER 
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Computer  program  BRXTSTD  footit) 
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Computer  program  BRITSTD  (cont) 
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Comput  er  program  BRITSTD  (cont) 


Computer  program  BRXTSTD  (con' 


Computer  program  BRITSTD  (cont) 
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APPENDIX  D 

COMPUTER  PROGRAM  CLOCK3  (REVISED) 


The  original  program  descriptions  were  given  In  appendix  I  of  Fuze  Gear  Train 
Analysis  (ref  D-l).  The  following  appendix  contains  revised  descriptions,  list¬ 
ings  and  sample  outputs  of  computer  program  CLOCKS,  which  computes  point  and 
cycle  efficiencies  for  three  pass  clock  gear  trains  in  a  spin  environment. 

The  following  changes  were  made! 


1.  The  diametral  pitches  of  all  three  meshes  are  given  aB  data  and  are 
printed  in  the  output. 

2.  The  initialization  parameters  J  are  introduced.  They  are  given  as  part 
of  the  data  and  are  listed  in  the  output.  These  parameters  allow  the  initial 
points  of  contact  of  the  three  meehea  to  be  chosen  at  arbitrary  points  within  the 
ranges  of  possible  contact  points. 

The  kinematics  of  computer  program  CLOCK!!  la  baaed  on  the  work  in  appendix  G 
(ref  D-l),  while  the  moment  input-output  relationships  are  derived  in  appendix  H 
(ref  D-l).  Even  though  the  fuze  related  geometry  produces  different  expressions 
for  the  various  meshes,  the  kinematic  computations  of  the  individual  meshes  are 
very  similar  to  those  shown  in  computer  program  CL0CK1  in  appendix  F  (ref  D-l) 
for  the  single  mesh  In  the  standard  position.  It  is  also  assumed  that  all  three 
meahes  will  have  been  tested  by  computer  program  CL0CK1  (ref  D-l)  for  their  geo¬ 
metric  suitability,  l.e.,  whether  there  is  enough  room  for  tip  radii. 


Input  Parameters 


The  following  parameters  represent  the  input  data  for  the  program  (for  ex¬ 
planations  and  nomenclature,  see  appendixes  C  and  F,  reference  D-l): 

PSUBD1,  P8UBD2 ,  PSUBD3  -  Pdl,  Pd2,  Pd3 

MU,  coefficient  of  friction 

RPM,  spin  velocity 

CAPRP1 ,  CAPRP2,  CAPRP3,  RP2,  RP3,  RP4,  pitch  radii  of  gears  and  pinions 
with  nomenclature  of  figure  G-l  (ref  D-l) 

RH0G1,  RH0G2 ,  RH0G3 ,  RH0P1,  RH0P2 ,  RH0P3 ,  radii  of  curvature  of  circular 
arc  portion  of  gear  and  pinion  teeth 
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ACG1 ,  ACG2,  ACG3^""*  “  "CGi*  distance  from  the  center  of  rotation  of  the 
gear  of  the  ith  mesh  to  the  center  of  curvature  of  the  circular  arc  portion  of 
the  gear  tooth.  (Unless  otherwise  noted)  this  and  all  following  numbering 
schemes  refer  to  those  associated  with  the  mesh  mechanics  as  given  in  the  text  of 
appendixes  G  and  H  of  reference  D-l). 

ACPI,  ACP2,  ACP3  ■  «cp<i  distance  from  the  center  of  rotation  of  the 
pinion  of  the  mesh  to  the  center  of  curvature  of  the  circular  arc  portion  of 
the  pinion  tooth 

Rl,  R2,  R3,  R4  •  (nomenclature  of  fig.  0-1,  ref  D-l) 

TGI,  TG2,  TG3,  TP1,  TP2,  TP3,  maximum  thicknesses  of  gear  and  pinion 
teeth  (mesh  nomenclature) 

NGl,  NG2,  NG3,  NP2,  NP3,  NPA ,  numbers  of  teeth  in  various  gears  and 
pinions  (nomenclature  of  fig.  G-l,  ref  D-l) 

RH01,  RH02,  RH03,  RH04,  gear  and/or  pinion  pivot  radii  (nomenclature  of 
fig.  G-l,  ref  D-l) 

Ml,  M2,  M3,  M4,  masses  of  gear  and/or  pinion  combinations 

MD  *  md  ,  see  appendix  A  of  this  report 

K,  range  divisor 

Jl,  J2 ,  J3,  initialisation  parameters 

The  angular  velocity  of  the  input  gear  is  incorporated  into  the  program  as 
PHD0T1  ■  1.  All  velocity  computations  are  based  on  this  model.  The  input  motion 
in  the  fuse  gearing  model  Is  negative  (fig.  G-l,  ref  D-l). 


Computations 


Computation  of  Gear  Tooth  Parameters 

The  tooth  parameters  of  the  gears  and  pinions  of  all  three  meshes  are 
first  computed.  These  computations  are  essentially  the  same  as  those  shown  in 
computer  program  CL0CK1  (ref  D-l)  for  a  single  mesh.  Certain  parameters  are 
omitted  because  they  have  been  checked  separately  by  using  computer  program 
CL0CK1  (ref  D-l)  and  are  not  required  for  the  kinematics  of  computer  program 
CL0CK3  (ref  D-l). 


^Since  many  parts  of  the  computer  program  were  written  before  the  nomenclature 
for  these  distances  was  changed  in  the  report  from  a^g^  and  aQpj  to  and 
app  there  1b  a  certain  discrepancy  between  the  program  and  the  report. 
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In  addition,  the  pivot  to  pivot  distances  HI,  B2  and  B3  are  obtained. 


Computation  of  MIN,  GAMMAS  and  BETAS 


To  begin  with,  the  program  computes  the  Input  moment 

MIN  -  Mln  -  md2  u>2  (D-l) 

Subsequently,  the  angles  Y « »  Yj,  Ya  and  Bj,  Bji  ^3  are  established  ac¬ 
cording  to  the  expressions  of  appendix  AJ(rer  D-l). 


Computation  of  Other  Parameters 


The  angles  A$  and  Alp.  between  the  centerlines  of  adjacent  gear  and 
pinion  teeth,  respectively,  are  determined  In  this  section  of  the  computations. 
In  addition,  the  lengths  are  found  (equations  G-7,  G-53  and  G-88,  ref  D-l). 
Finally,  the  centrifugal  forces  Qj,  Qj,  Q3  and  are  computed  according  to  equa¬ 
tions  H-65,  H-46,  11-25  and  11-6  (ref  D-l),  respectively. 

Preliminary  Computations  for  Mesh  1 

Determination  of  Transition  Angle.  The  primary  consideration  for  deter¬ 
mining  the  transition  angles  In  the  fuze  related  clock  gear  meshes  is  identical 
with  that  used  In  appendix  F  (ref  D-l).  The  transition  angle  tpT  Is  established 
as  that  angle  for  which,  depending  upon  whether  the  Input  angle1  <J>  has  counter¬ 
clockwise  or  clockwise  motion,  a  small  increase  or  decrease  in  <p,  respectively, 
will  cause  the  associated  value  of  g  to  become  smaller  than  its  transition  value 
f  Since  the  gear  mesh  1  turns  in  a  clockwise  direction,  the  above  increment  of 
will  be  negative. 


The  program  uses  this  criterion  in  the  following  manner) 


1.  Transition  angles  <p. and  ip..,,  are  computed  according  to  equation 

G-39  (ref  D-l).  1  ri 

2.  The  subroutine  TRANS1  (which  is  valid  for  meshes  in  which  the  input 

gear  has  clockwise  rotation,  as  is  the  case  sluo  for  mesh  3)  is  called,  and  the 
angle  (PHIT),  which  is  associated  with  ,  is  computed  with  the  help  of 

equations  G-40  and  G-41  (ref.  D-l). 

3.  The  angle  <p  is  made  slightly  smaller  than  $1^  to  produce  the  angle 
PHINKXT,  and  equation  G-29  (ref  D-l)  is  used  to  find  the  associated  angle 
PSINEX.  Since  there  are  two  Buch  angles,  the  subroutine  selects  the  one  which  is 
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closest  In  value  to  the  transition  angle  *  Subsequently,  the  associated 
value  of  is  computed  according  to  equation  G-27  (ref  D-l). 

4.  Steps  1  and  2  are  then  repeated  identically  for  the  second  transi¬ 
tion  angle  This  results  in  the  determination  of 

5.  Control  returns  to  the  main  program,  and  that  value  of  is  chosen 
for  which  the  associated  value  of  g^  is  smaller  than  fp^. 


For  checking,  a  subsidiary  test,  which  is  similar  to  the  one  shown  in 
appendix  F  (ref  D-l),  is  added  to  the  program.  It  is  based  on  the  idea  that,  for 
the  correct  transition  angle  <|>,_,  the  line  representing  the  flat  portion  of  the 
pinion  will  make  a  smaller  angle  with  the  centerline  than  will  be  the  case 

for  the  incorrect  one.  TKSTll  and  TEST12  find  these  angles  with  the  help  of  the 
expressions  shown  below.  These  expressions  hold  for  all  valuea  of  0.  and  make 
use  of  a  new  variable  ^  which  had  to  be  introduced  since  the  teste  require 

that  the  transition  angfSs’  be  expressed  in  a  range  between  -160°  and  +180°. 
Thus, 


For  0"  <  On  _  <  180° 


TESTll  -  “  ei  +  '•'test  “  “pi  |- 

(D-2) 

For  -180*  <  »t„t  <  0° 

TE9T12  -  |  if  +  Uj  -  (*t#Bt  +  2n  -  apl> 

1 

(D-3) 

To  determine  the  angle  t|i  let 

C68  C  ^ 

*«.t  -  *1T  lf  <  *1T  <  l80° 

(D-4) 

♦«.,  ‘  *1T  +  2*  lf  *11  <  -180# 

(D-5) 

♦t..t  ‘  *1T  *  2'  lf  *1T  >  l8°“ 

(D-6) 

Determination  of  Correct  Sign  for  Round  on  Flat  Ruglme.  The  sign  pre¬ 
ceding  the  square  root  in  equation  G-29  (ref  D-l),  for  the  round  on  flat  regime, 
Is  determined  with  the  help  of  (fix*  The  condition  yielding  that  angle  which 
is  closest  to  the  angle  governs.  Hie  variable  S1GNIF  is  used  for  the  sign  in 
question. 
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Computation  of  Latest  and  Earliest  Poaslble  Values  of  tf>i  and  The 
latest  and  earliest  possible  valueB  of  the  gear  and  pinion  angles  •(>)  and  i|»i, 
respectively,  are  found  by  continuously  evaluating  the  round  on  flat  regime  equa¬ 
tion  G-29  (raf  D-l),  uaing  the  previously  determined  value  of  SIGN1F,  and  simul¬ 
taneously  checking  the  contact  condition  for  the  subsequent  set  of  teeth  as  given 
by  equation  G-46  (ref  D-l).  ^  This  loop  is  initiated  at.  the  transition  angle 

and  it  is  terminated  when  the  condition  of  equation  G-46  (ref  D-l)  is 
met.  This  allows  the  determination  of  the  angles  PHIlF  and  PSI1FF,  at  which  the 
first  set  of  teeth  loses  contact,  as  well  as  of  the  angles  PHI11  and  PSI1I  at 
which  the  second  set  of  teeth  simultaneously  comeB  into  engagement.  The  earliest 
possible  engagement  angles  PH11I  and  PSI11  are  obtained  by  adding  A<J>j  to  the  loss 
of  contact  angle  PHIlF  and  by  subtracting  from  the  loss  of  contact  angle 
PSI1FF.  (PHIlF  and  PSI1FF  represent  the  latest  possible  values  of  4^  and  4^*) 

Determination  of  Correct  Sign  for  Round  on  Round  Regime.  Equation  G-12 
(ref  D-l)  is  used  to  determine  the  angle  ,  while  the  gear  and  pinion  are  in  the 
round  on  round  regime.  The  correct  sign  for  this  expression  is  obtained  by 
comparing  the  value  ik,  as  computed  with  PH11I,  with  the  value  for  PSI1I.  SIGN1R 
1b  the  variable  used  tor  the  desired  sign. 


Preliminary  Computations  for  Mesh  2 


Determination  of  Transition  Angle.  The  primary  criterion  for  determin¬ 
ing  the  transition  angle  is  sgsln  similar  to  that  used  in  appendix  F  (ref  D-l) 
and  described  earlier  for  mesh  1. 


1.  Transition  angles  and  computed  according  to  equation 
G-79  (ref  D-l). 

2.  The  subroutine  TRANS2,  which  is  valid  for  meshes  in  which  the  input 
gear  has  counterclockwise  rotation,  is  called,  and  the  angle  4>,_,, ,  which  is  as¬ 
sociated  with  4<»T1  Is  computed  with  the  help  of  equations  G-Su  and  G-81  (ref  D- 
l).  ZTi 

3.  The  angle  <b  Is  made  slightly  larger  than  d*2Tl  t0  produce  the  angle 
PHINEXT,  and  equation  G-71  (ref  D-l)  la  used  to  find  the  associated  output  angle 
PSINEX.  Since  there  are  two  such  angles,  the  subroutine  selects  the  one  which  is 
closest  to  the  transition  value  1  Subsequently,  the  associated  value  of  g2i 
is  computed  according  to  equation  G-o9  (ref  D-l). 


As  in  appendixes  A  and  B,  the  actual  initial  contact  does  not  necessarily 
coincide  with  the  earliest  possible  one.  Again,  use  is  made  of  the 
Initialisation  parameters  (i  -  1,  2,  3). 


"rr  A-L.-sncr' ' -•/.'saj,  C; 


.  ■  -ii.  '  ... 
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4.  Steps  2  and  3  are  then  repeated  identically  for  the  second  transi¬ 
tion  angle  i2T2  This  results  In  the  determination  of  g22. 

5.  Control  returns  to  the  main  program,  and  that  value  of  t|/2T  Is  chosen 
for  which  the  associated  value  of  g2  is  smaller  than  fp2» 

The  procedure  for  the  associated  subsidiary  test  for  the  transition 
angle  is  similar  to  that  for  mesh  1  and  is  given  by: 

For  0*  <  <itMt  <  180® 


TEST21  -1 

< 

*  -  h  *  *t..t  +  “m 

(D*7) 

-180®  <  ♦tMt  <  0® 

TEST22  - 

S2  +  *  “  <*t«t  +  U  +  aP2> 

i  (D-8) 

determines  the  angle  ij)  let 

C68  C  9 

\..t  ■  * 

'2T  If  -180°  <  *2t<  180° 

CD-9) 

♦t.«  •  *!T  +  2’  11  *!T  <  -180° 

(HO) 

\L  «  li 

»2T  -  2*  if  +2T  >  180® 

(D— 11 ) 

Determination  of  Correct  Sign  for  Round  on  Flat  Regime.  The  sign  pre¬ 
ceding  the  square  root  in  equation  G-tl  (ref  for  the  round  on  flat  regime, 

is  determined  with  the  help  of  $2_.  The  condition  yielding  that  angle  (|Uy  which 
is  closest  to  the  angle  ii»2T  governs.  The  variable  SIGN2F  is  used  for  the  sign 
in  question. 

Computation  of  Latest  and  Earliest  Possible  Values  of  and  The 

latest  and  earliest  possible  values  of  the  gear  and  pinion  angles  $2  and  re¬ 
spectively,  are  found  by  continuously  evaluating  the  round  on  flat  equation  G-71 
(ref  1>-L),  using  the  previously  determined  value  of  8IGN2F,  and  simultaneously 
checking  the  contact  condition  for  the  subsequent  set  of  teeth,  as  given  by  equa¬ 
tion  G-B6  (ref  D-l).  This  loop  is  initiated  at  the  transition  angle  an^ 

terminated  when  the  condition  of  equation  G-86  (ref  D-l)  is  met.  (Recall  that  in 
meshes  1  and  3  the  driving  gear  turns  clockwise,  while  in  mesh  2  it  turns  in  s 
counterclockwise  direction.)  This  allows  the  determination  of  the  two  angles 
PH12F  and  PSI2FF  at  which  the  first  set  of  teeth  loses  contact  as  well  as  of  the 
angles  PHI2I  and  PSI2I  at  which  the  second  set  of  teeth  simultaneously  ccmes  into 
contact.  The  earliest  possible  engagement  angles  PHI2I  and  PSI2I  are  obtained  by 
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subtracting  A<f»„  from  the  loss  of  contact  angle  PSI2F  and  by  adding  A>Ji.  to  the 
loss  of  contact  angle  PSI2FF.  (PHI2F  and  PSI2FF  represent  the  latest  possible 
values  of  $2  and  ^ • ) 

Determination  of  Correct  Sign  for  Round  on  Round  Regime.  Equation  058 
(ref  D-l)  is  used  to  determine  the  angle  ^  while  the  gear  and  pinion  are  in  the 
round  on  round  phase  of  motion.  The  correct  sign  for  this  expression  is  obtained 
by  comparing  the  value  of  1^,,  as  computed  with  PHI2I,  with  the  previously  obtain¬ 
ed  value  for  PS12I.  SIGN2R  is  the  variable  used  for  the  desired  sign. 


Preliminary  Computations  for  Mesh  3 


Determination  of  Transition  Angle.  The  determination  of  the  transition 
angle  for  mesh  3  runs  along  parallel  lines  to  the  one  Bhown  for  mesh  1  since  the 
driving  gear  also  rotates  in  a  clockwise  direction.  In  all  cases ,  tha  parameters 
of  appendix  G  (ref  D-l)  are  used. 

t.  Transition  angles  'll,-,  and  are  computed  with  the  help  of  equa¬ 
tion  G-99  (ref  D-l). 

2.  The  subroutine  TRANS 1  determines  the  angle  ,  associated 

with  »  to  equations  G-100  and  G-101  (ref  D-l).  1 

3.  PHINEXT,  which  is  now  obtained  by  a  decrease  of  the  angle  from 
4*311  *  8erveB  88  the  input  variable  of  equation  G-9A  (ref  D-l),  and  is  used  to 
determine  PSINEX.  Appropriate  controls,  as  described  before,  determine  the 
angle  i|»,Tl.  In  addition,  the  associated  value  of  g3l  is  computed  with  the  help 
of  equation  G-95  (ref  1>1). 

A.  Steps  2  and  3  are  again  repeated  for  the  second  transition 
angle  \J*3t2  and  is  determined. 

5.  After  control  is  returned  to  the  main  program,  that  value  of  ie 
choaen  for  which  the  associated  value  of  g3  is  smaller  than  fpj. 

The  subsidiary  test  for  the  transition  angles  runs  parallel  to  that 
described  for  mesh  1,  l.a., 


For  °°  <  '('test  <  180& 

TEST31  -  |  it  -  B3  +  *twt  -  ^3  |  (D-12) 

For  -180°  <  „  <  0° 

Ttest 
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TEST32 


*  +  @3  “  <  W  +  2"  '  aP3> 


To  determine  the  angle  ^eat*  let 


♦tMt  -  +3T  if  -180°  <  <  180° 

♦ft  -  +3T  +  2*  lf  St  <  -180° 
♦t„,  •  *3T  -  2*  «  *3T  >  1800 


(D-13) 


(D-14) 

(D“15) 

(D-16) 


Determination  of  Correct  Sign  for  Round  on  Flat  Regime.  The  Blgn  pre¬ 
ceding  the  square  root  in  equation  G-$4  (ref  D-l),  for  the  round  on  flat  regime, 
la  determined  with  the  help  of  the  angle  The  condition  yielding  that 

angle  t|^_  which  is  closest  to  the  angle  will  govern.  The  variable  SIGN3F  ia 
used  for  the  sign  in  question. 

Computation  of  Latest  and  Earliest  Possible  Values  of  and  t|>a.  The 
latest  and  earliest  possible  values  of  the  gear  and  pinion  angles  ^  and  413,  re¬ 
spectively  ,  are  found  by  continuously  evaluating  the  round  on  flatJreglme  equa¬ 
tion  C-94  (ref  D-l),  using  the  previously  determined  value  of  SI.GN3F,  and  simul¬ 
taneously  checking  the  contact  condition  for  the  subsequent  sat  of  teeth,  as 
given  by  equation  G-102  (ref  D-l).  This  loop  is  initiated  at  the  transition 
angle  K-,  and  it  is  terminated  when  the  condition  of  equation  G-102  (ref  D-l)  is 
met.  Thlb  allows  the  determination  of  the  two  angles  PHI3F  and  PSI3FF  at  which 
the  first  set  of  teeth  loses  contact  as  well  as  the  angles  PHI3I  and  PSI3I  at 
which  the  second  set  of  teeth  simultaneously  comes  into  contact.  The  earliest 
possible  engagement  angles  PHI3I  and  PSI3I  are  obtained  by  adding  to  the  loss 
of  contact  angle  Plil3F  and  by  subtracting  Ai|u  from  the  loss  of  contact  angle 
PSI3FF.  (PHI3F  and  PS13FF  represent  the  latest  possible  values  of  ^  and  i|ij.) 

Determination  of  Correct  Sign  for  Round  on  Round  Regime.  Equation  G-87 
(ref  D-l)  1b  used  to  determine  the  angle  while  The  gear  and  pinion  are  In  the 
round  on  round  phase  of  motion.  The  correct  sign  for  thlB  expression  is  obtained 
by  comparing  the  value  of  as  computed  with  PHI3I,  with  the  previously  ob¬ 
tained  value  for  PSI3I.  SIGN3R  is  the  variable  used  for  the  desired  sign. 

Gear  Train  Motion  Model!  Initial  Contact  Angles,  Point  and  Cycle 
Efficiency.  The  simulation  of  the  gear  train  model,  which  ia  necessary  for  the 
computation  of  both  POINTEF  and  CYCLEFF,  is  found  in  a  loop,  starting  with  state¬ 
ment  label  no.  29  (card  no.  459)  and  ending  with  card  no.  824.  The  motions  of 
the  individual  driving  gears  are  initialised  at  the  angles  PHI1,  PHI2  and  PHI3, 
respectively,  with  the  help  of  the  initialisation  parameters  according  to 


*1  '  *il  +  Ji  (*1F'  *il5  (1‘1'Z-3> 


(D-17 ) 
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The  additional  parameter  J4  is  set  equal  to  zero  to  mark  the  first  cycle 
of  computations  (see  statement  no.  456).  J4  becomes  equal  to  unity  for  all  sub¬ 
sequent  computations  (see  statement  no.  823). 

The  parameter  J5  is  used  to  distinguish  between  the  two  possible  contact 
conditions  of  mesh  no.  1.  J5  ■  0  whenever  the  first  set  of  teeth  is  in 
contact.  J5  *  1  once  the  latest  possible  value  of  has  been  reached,  and  con¬ 
tact  must  be  transferred  to  the  second  set  of  teeth  in  order  to  obtain  a  complete 
cycle  of  motion  for  this  mesh.  J5  ■  0  at  all  times  if  ■  0,  i.e.,  contact  is 
made  in  mesh  no.  1  at  the  earliest  possible  point. 

The  meshes  will  be  in  round  on  round  contact  until  they  reach  their 
respective  transition  angles  PHI1T,  PHI2T  and  PHI3T.  Once  the  transition  angles 
are  passed,  the  meshes  will  be  in  round  on  flat  contact.  These  regimes  continue 
until  the  latest  possible  angles  PHI1F,  PHI2F  and  PHX3F  are  reached. 

The  increment  DDPHIl  of  the  angle  PHI1  of  the  input  gear  1  is  obtained 
from  an  adaptation  of  equations  A-211  and  A-213  (ref  D-l),  in  which  tooth 
numbers,  rather  than  base  circle  radii,  are  used.  The  increment  DDPHI2  of  gear  2 
la  related  to  the  increment  of  the  pinion  angle  PSIl.  Similarly,  the  increment 
DDPH13  is  obtained  with  the  help  of  the  pinion  angle  PS 12. 


While  the  motion  of  gear  1  Is  terminated  when  the  angle  PHI1  reaches  one 
increment  before  its  starting  angle,  both  gears  2  and  3  must  be  reset  to  their 


respective  earliest  angles  whenever  they  have  reached  PHI2F  and  P11I3F, 
tively.13"'3 


respec- 


The  appropriate  choice  of  moment  equation  depends  upon  which  of  the 
eight  possible  combinations  of  contact  conditions,  as  indicated  by  tabln  H-l  (ref 
D-l),  is  applicable. 


The  following  discusses  the  kinematics  of  the  individual  mashes  as  well 
as  the  determination  of  the  point  and  cycle  efficiencies  in  greater  detail. 


Kinematics. 

1 .  Mesh  1 

Depending  on  whether  PHIl  is  larger  or  smaller  than  PHUT,  the 
parameters  of  the  round  on  round  or  the  round  on  flat  regime  are  comput'  d.  (Re¬ 
call  that  gear  1  turns  in  a  clockwise  direction.) 


D"3If  Jx  -  0,  the  computation  is  terminated  for  PHU  <  PHI1F  DDPHIl.  If  > 
0,  and,  therefore,  J5  ■  1,  computation  is  terminated  whan  PHIl  <  PHI1A  + 
DDPHIl.  In  the  above,  PH11A  represents  the  starting  angle  of  mesh  1  in  the 
manner  of  equation  D-L7.  (See  statement  no.  454.) 
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For  the  round  on  round  phase,  the  following  calculations  are  made: 

i|>j,  according  to  equation  G-ll  (ref  D-l),  and  with  the  help  of  the 
previously  determined  SIGN1R 

X^,  according  to  equation  G-13  and  G-14  (ref  1>-1) 

<1*^,  according  to  equation  G-15  (ref  D-l) 

^Sl/T1R»  according  to  equation  G-20  (ref  D-l) 

SjR,  according  to  equation  H-l  (ref  D-l)  as  adapted  to  mesh  1 


For  the  round  on  flat  phase,  the  following  calculations  are  made: 

4,,  according  to  equation  G-29  (ref  D-l)  and  with  the  help  of  the 
previously  determined  SIGN1F 

gj_,  according  to  equation  G-27  (ref  D-l) 

<j>^,  according  to  equation  G-30  (ref  D-l) 

VS1/T1  >  accocding  to  equation  G-33  (ref  D-l) 

slF,  according  to  equation  H-2  (ref  D-l)  as  adapted  to  mesh  1 

2 .  Mesh  2 

The  Increment  DDPHX2,  for  each  round  of  computations,  is  obtained 
with  the  help  of  the  change  in  the  angle  t|i.  between  the  present  and  the  previous 
computation,  i.e.,  as  shown  at  statement  label  no.  31: 

DDPHI2  -  PSI1  -  PSI1P  (D-18) 


For  the  first  round  of  computations,  the  previous  ,  i.e.,  PSI1P,  is  equal  to 
that  PSI1  which  corresponds  to  PHI1A. 

It  must  be  recalled  that  gear  2  rotates  in  a  positive  direction,  and 
therefore,  the  angle  increases  with  continued  motion.  The  angle  PHI2  is  re¬ 
indexed  to  PHI2I  once  it  becomes  larger  than  PHI2F. 

As  for  mesh  1,  comparison  with  the  transition  angle  decides  whether 
the  mesh  in  in  the  round  on  round  or  in  the  round  on  flat  regime. 


The  following  round  on  round  parameters  are  calculated: 

4*2 »  according  to  equation  G-58  (ref  D-l),  and  with  the  help  of  the 
previously  determined  SIGN2R 
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"*“*'**«  *  >  i *  *4*1 


>2i  according  to  equations  G-59  and  G-60  (ref  D-l) 

Note  that, the  input  anglular  velocity  for  mesh  2,  i.e.,  $2>  equals 
the  momentary  value  of  ^ . 

^2,  according  to  equation  G-61  (ref  E>-1) 

Vg2/j2  >  according  to  equation  G-63  (ref  D-l) 

R 

82R,  according  to  equation  H-l  (ref  D-l),  as  adapted  to  meah  2 


For  the  round  on  flat  phase,  the  following  calculations  are  made! 

\|>2,  according  to  equation  G-71  (ref  D-l),  and  with  the  help  of  the 
previously  determined  S1GN2F 

g2»  according  to  equation  G-69  (ref  D-l) 

Again,  $2  equals  the  momentary  value  of  ^ 

^2»  according  to  equation  G-72  (ref  D-l) 

VS2/x2  *  according  to  equation  G-74  (ref  D-l) 

F 

82f»  according  to  equation  H-2  (ref  D-l),  as  adapted  to  mesh  2 
3.  Meah  3 

The  increment  DDPHI3,  for  each  round  of  computations,  la  obtained 
with  the  help  of  the  change  in  the  angle  tju  between  the  present  and  the  previous 
computation,  i.e.,  as  shown  at  statement  label  no.  33: 

DDPHI3  -  PS  12  -  PSI2P  (D-19) 

For  the  first  round  of  computations,  the  previous  i.e.,  PSI2F,  is  equal  to 

that  PSI2  which  corresponds  to  the  initial  value  oi:  PHI2,  as  obtained  with  the 
help  of  J2« 

Gear  3  rotates  in  a  negative  (clockwise)  direction,  and  therefore, 
the  angle  $3  decreases  with  continued  rotation.  The  angle  PH13,  which 
represents  this  angle,  is  re-indexed  to  PHI31  once  it  becomes  smaller  than  PHI3F. 

As  for  meshes  1  and  2,  comparison  with  the  applicable  transition 
angle  decides  whether  the  mesh  is  in  the  round  on  round  or  in  the  round  on  flat 
regime. 
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The  following  round  on  round  parameters  are  calculated: 


,  according  to  equation  G-87  (ref  D— 1 ) ,  and  with  the  help  of  the 
previously  determined  SIGN3R 

A^,  according  to  equation  0-89  and  G-90  (ref  D-l) 

« 

Note  that  the  input  angular  velocity  for  oeah  8,  i.e.,  ^ >  equals 
the  momentary  value  of 


t3,  according  to  equation  G-91  (ref  D-l) 

VS3/T3  *  according  to  equation  G-92  (ref  D-l) 

R 

s;1R,  according  to  equation  H-l  (ref  D-l)  as  adapted  to  mesh  3 


For  the  round  on  flat  phaBe,  the  following  calculations  are  made: 

iji,,  according  to  equation  0-94  (ref  D-l),  and  with  the  help  of  the 
previously  determined  SIGN3F 

g3,  according  to  equation  0-95  (ref  D-l) 

Again,  la  equal  to  the  momentary  value  of 
according  to  equation  G-96  (ref  D-l) 

VS3/T3  >  according  to  equation  0-97  (ref  D-l) 

F 

ajp,  according  to  equation  H-2  (ref  D-l)  as  adapted  to  mesh  3 

Moment  Computations,  Point  and  Cycle  Efficiencies.  Regardless  of  the 
combination  of  contact  conditions,  the  point  efficiency  is  computed  according  to 
equation  3  (ref  D-l),  i.e., 


EP  -  POINTER  -  Kraiio  h 


o4i 


(D-20) 


in 


where,  with  ^  *  -l , 


K 


RATIO 


( D— 2 1 ) 
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The  cycle  efficiency  determination  is  baaed  on  equation  C-10  (ref  D-l), 
which  represents  an  adaptation  of  equation  4  (ref  D-l): 


where 


MTOT  -  MTOT  +  POINTEF  (D-24) 


The  moment  computations  begin  with  the  statement  label  no.  35,  and  Ini¬ 
tially  consist  of  the  determination  of  the  variables  A1  to  A64  and  Cl  to  C32, 
appendix  H  (ref  D-l).  The  governing  contact  combination  (table  H-l,  ref  D-l)  la 
determined  with  the  help  of  the  8  moment  control  statements,  which  start  with 
card  no.  748.  Once  the  appropriate  combination  is  established,  the  program  is 
directed  to  one  of  the  8  associated  moment  expressions.  These  expressions  for 
M.t,  coincide  in  nomenclature  with  those  given  by  equations  H-81,  H-118,  H-158, 
H-l 80,  H-216 ,  H-218,  H-239  and  H-241  (ref  D-l).  They  are  listed  in  the  above 
order,  beginning  with  statement  label  no.  36  and  ending  with  statement  label  no. 
43. 

In  devising  the  control  statements,  the  manner  of  rotation  of  the  indi¬ 
vidual  mesh  input  gears  had  to  be  taken  into  account.  Thus: 


For  mesh  3: 


Round  on  round  (R)  corresponds  to  PHI3I  >  PHI3  >  PH13T 
Round  on  flat  (F)  corresponds  to  PHI3T  >  PHI3  >  PHI3F 

For  mesh  2: 

Round  on  round  (R)  corresponds  to  PH12I  <  PHI2  <  PHI2T 
Round  on  flat  (F)  corresponds  to  PHI2T  <  PHI2  <  PHI2F 
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For  mesh  1: 


Round  on  round  (R)  corresponds  to  PHIlI  >  PHIl  >  PHUT 
Round  on  fist  (F)  corresponds  to  PHUT  >  PHIl  >  PHXIF 


Output 


The  output  of  the  prograa  is  best  explained  vith  the  help  of  the  ssnple 
problem  at  the  end  of  the  program* 


Input  Parameters  (first  sets  of  gear  data,  appendix  C) 


Meah  1 


CAPRPl 

■ 

RPi 

-  0.47727 

in.  (1.2122 

cm) 

PSUBD1  - 

Pdi  -  44 

RP2 

m 

rp2 

-  0.09091 

in.  (0.2309 

cm) 

J1 

0.90 

ACG1 

m 

*G1 

-  0.47343 

in.  (1.2025 

cm) 

ACPI 

m 

api 

-  0.09083 

in.  (0.2307 

cm) 

RHOGl 

m 

PGl 

-  0.04857 

in.  (0.1234 

cm) 

RHOP1 

m 

PP1 

-  0.01591 

in.  (0.0404 

cm) 

TGI 

m 

fcGl 

-  0.03609 

in.  (0.0917 

cm) 

TP1 

m 

CP1 

-  0.02382 

in.  (0.0605 

cm) 

NG1 

m 

nGl 

-  42 

NP2 

m 

nP2 

■  8 

Mesh  2 

CAPRP2 

m 

Rp2 

-  0-20769 

in.  (0.5275 

cm) 

PSUBD2  - 

Pd2  -  65 

RP3 

m 

rp3 

-  0.06923 

in.  (0.1758 

cm) 

J2 

0.90 

ACG2 

- 

aG2 

-  0.20559 

in.  (0.5222 

cm) 

ACP2 

■ 

aP2 

-  0.06917 

in.  (0.1757 

cm) 
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RH0G2 

M 

PG2 

-  0.03323 

In.  (0.0844  cm) 

RU0P2 

m 

PP2 

-  0.01077 

in.  (0.274  cm) 

TG2 

m 

fcG2 

-  0.02438 

in.  (0.0619  cm) 

TP  2 

m 

tp2 

-  0.01613 

in.  (0.0410  cm) 

NG2 

m 

°G2 

-  27 

NP3 

m 

nP3 

-  9 

Mesh  3 

CAPRP3 

m 

RP3 

-  0.17532 

in.  (0.4453  cm) 

PSUBD3  -  Pd3  -  77 

RP4 

m 

rp4 

-  0.05844 

in.  (0.1484  cm) 

J3  -  0.90 

ACG3 

m 

aC3 

-  0.17355 

in.  (0.4408  cm) 

AGP  3 

m 

*P3 

-  0.05839 

in.  (0.1483  cm) 

RH0G3 

m 

PG3 

-  0.02805 

in.  (0.0712  cm) 

RHOP3 

m 

PP3 

-  0.00909 

in.  (0.0231  cm) 

TG3 

M 

*•03 

-  0.02058 

in.  (0.0523  cm) 

TP3 

a 

lP3 

-  0.01362 

in.  (0.0346  cm) 

NG3 

m 

"G3 

-  27 

NP4 

m 

nP4 

-  9 

In  addition 


MU 

■ 

u 

-  0.2 

RPM 

■ 

L000 

1 

Ml 

■ 

”1 

-  0.12 

x  10"3 

lb-sec2 /in.  (2.101 

X 

10-2  kg)  is 

M2 

M 

*2 

-  0.85 

x  10"5 

lb-sec2/in.  (1.488 

X 

10"3  kg) 

M3 

m 

m3 

-  0.34 

x  10"5 

lb-sec2/in.  (5.953 

X 

10“4  kg)  i 

M4 

a 

“4 

-  0.15 

*r» 

1 

O 

X 

lb-sec2/in.  (2.626 

X 

10~4  kg)  | 

R1 

m 

«1 

-  0.22! 

>  in.  (0 

1.572  cm) 

i 

i 

R2 

M 

«2 

R3 

m 

«3 

R4 

m 

«4 

RH01 

■ 

P1 

RH02 

am 

p2 

RH03 

M 

p3 

RH04 

■1 

p4 

MD 

■a 

tad2 

m 

K 

■ 

25 

Computed  Values 


0.436 

in. 

(1.107 

cm) 

0.504 

in. 

<1.280 

cm) 

0.520 

In. 

(1.321 

cm) 

0,062 

in. 

(0.157 

cm) 

0.025 

in. 

(0.064 

cm) 

0.018 

in. 

(0.046 

cm) 

0.016 

in. 

(0.041 

cm) 

0.275 

x  10"5  lb-sec2 

(3.105  x  10“7  kg-a2) 


At  the  beginning  of  the  output,  one  finds  MIN  ■  Min<  Subsequently ,  the 
following  are  Hated  for  each  meaht 

fpi,  the  length  of  the  pinion  flats 

the  fuse  body  pivot  to  pivot  line  angles 

<|»T1  and  ^T1,  the  transition  angles 

and  the  earliest  angles 

d>|r£  and  <1^,  the  latest  angles 


Finally,  for  the  full  range  of  the  input  angle  the  point  efficiency 
POINTEF  la  Hated,  in  addition  to  other  parameters  which  are  useful  for  checking 
purposes.  Note  that  DPSI1,  DPS  12  and  DPSI3  represent  ^ >  ^3  >  respectively. 
The  cycle  efficiency  CYCLEFF  is  found  at  the  end  of  the  output. 
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Computer  program 
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Computer  program  CL0CK3  (cont) 
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Computer  program  CL0CK3  (cont) 
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APPENDIX  E 

COMPUTER  PROGRAM  CLOCK4  (REVISED) 


The  original  program  descriptions  were  given  In  appendix  I  of  Fuze  Gear 
Train  Analysis  (ref  E-l).  The  following  appendix  contains  revised  descriptions, 
listlngB  and  sample  outputs  of  computer  program  CLOCKS,  which  computes  point  and 
cycle  efficiencies  for  two  pass  clock  gear  trains  in  a  spin  environment. 


The  following  changes  were  made: 

1.  The  diametral  pitches  of  both  meshes  are  given  aa  data  and  printed 
in  the  output. 

2.  The  Initialization  parameters  J  (one  for  each  of  the  two  meshes)  are 
introduced.  They  are  given  as  part  of  the  data  and  are  printed  in  the  output. 
Again,  these  parameters  allow  the  arbitrary  choice  of  the  initial  point  of  con¬ 
tact  anywhere  within  the  possible  range  of  contact  points. 


The  kinematics  of  computer  program  CL0CK4  is  again  based  on  the  work  in  ap¬ 
pendix  G  (ref  E-l).  The  moment  input-output  relationships  are  derived  In  appen¬ 
dix  H  (ref  E-l).  This  program  is  in  many  ways  very  similar  to  computer  program 
CL0CK3  with  the  exception  that  only  two  mesheB  are  involved,  and  therefore,  wher¬ 
ever  possible,  reference  will  be  made  to  computer  program  CL0CK3.  Again,  it  is 
assumed  that  the  two  meshes  will  have  been  tested  by  computer  program  CL0CK.1  for 
their  geometric  suitability.  The  format  of  the  following  is  Identical  to  that 
used  in  appendix  D. 


Input  Parameters 


The  following  parameters  represent  the  input  duta  for  the  program  (appendix 
D): 

PSUBDl,  PSUBD2 

MU 

RPM 

CAPRP1,  CAPRP2 ,  RP2,  RP3 

RH0G1,  RH0G2,  RHOPl,  RH0P2 

ACG1 ,  AGG2,  ACPI,  ACP2 

Rl,  R2,  R3 

TGI,  TG2  ,  TPl ,  TP2 

NG1 ,  NG2,  NP2,  NP3 

RHOl,  RH02 ,  RH03 
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Ml,  M2,  M3 

MD 

K 

Jl,  J2 


The  angular  velocity  of  the  Input  gear  la  incorporated  into  the  program  aa 
PHDOT1  ■  -1.  All  velocity  computations  are  based  on  this  model.  The  input  mo¬ 
tion  in  tha  fuse  gearing  model  is  negative  (fig.  A-10,  ref  E-l). 


Computations 


Computations  of  Osar  Tooth  Parameters 

The  required  computations  are  identical  to  thosa  for  the  revised  com¬ 
puter  program  CLQCK3  in  appendix  D,  with  the  exception  that  only  two  meshes  are 
considered. 


Computation  of  MIN,  GAMMAS  and  BETAS 


The  input  moment  is  computed  in  the  manner  of  equation  D-l  of  appendix 
D.  In  addition,  the  angles  y,  •  f 3  >  6.  end  0,  are  found  according  to  the  expres¬ 
sions  given  in  eppendix  A  (rer  E-lj. 


Computations  of  Other  Parameters 


The  computations  of  the  angles  and  Aij/.,  the  length  L.  as  well  as  the 
centrLfugal  forces  Q^,  Q?  Q3  (called1  Q$p  by1  equation  H-245,  ref  E~l)  ere 

identical  to  thoae  described  in  the  parallel  aectlon  dealing  with  computer  pro¬ 
gram  C1.0CK3  in  appendix  D. 


Preliminary  Computations  for  Meeh  1 


The  preliminary  computations  for  meeh  1  ere  similar  to  thoee  discussed 
In  eppendix  D. 
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Preliminary  Computations  for  Mesh  2 


The  preliminary  computations  for  meBh  7.  are  similar  t.o  those  discussed 
in  appendix  D. 


Gear  Train  Motion  Model:  Initial  Contact  AngLes,  Kinematics, 

Point  and  Cycle  Efficiencies 

The  simulation  of  the  gear  train  model,  which  Is  necessary  for  the  de¬ 
termination  of  both  POINTEF  and  CYCLEFF,  is  found  in  a  loop  starting  with  state¬ 
ment  label  no.  20  and  ending  with  card  no.  542.  The  motions  of  the  individual, 
driving  gears  are  initialized  at  the  angles  PHtl  and  PHt2,  respectively,  with  the 
help  of  the  initialization  parameters  (W,2)  according  to  equation  D-17  (upp 
D). 


The  additional  parameter  J3  Is  set  equal  to  zero  to  murk  the  1:1  rut 
cycle  of  computations  (statement  no.  318).  J3  becomes  equal  to  unity  for  ail 
subsequent  computations  (aee  statement  no.  541). 

The  parameter  is  used  to  distinguish  between  the  two  possible  con¬ 
tact  conditions  of  raeBh  no.  1.  “  0  whenever  the  firat  set  of  teeth  is  In 

contact.  J4  *  1  once  the  latest  possible  value  of  ^  has  been  reached,  and  con¬ 
tact  must  be  transferred  to  the  second  net  of  teeth  in  order  to  obtain  a  complete 
cycle  of  motion  for  this  mesh.  ■  0  at  all  times  if  Jj_  -  0,  i.e.,  contact  Is 
made  in  mesh  no.  1  at  the  eurlleut  possible  point. 

Both  meshes  will  ho  in  round  on  round  contact  until  either  reaches  Its 
respective  transition  angle  PH  I  IT  or  PHT.2T.  Once  the  transition  angles  are  pant, 
the  meshes  will  be  in  round  on  flat  contact.  Those  regimes  continue  until  the 
final  angles  PH11F  and  PHI2F  are  reached. 

The  increment  0DPI111  of  the  input  gear  1  Is  obtained  from  un  adaptation 
of  equations  A-207  and  A-208  (raf  E-l),  in  which  tooth  numbers,  rather  than  bancs 
circle  radii  are  used.  The  increment  RDPUI2  of  gear  2  is  related  to  the  incre¬ 
ment  of  the  pinion  angle  PSXl. 

While  the  motion  of  guar  1  Is  terminated  when  the  angle  PH  11  reaches 
one  Increment  before  the  starting  angle,  gear  2  muBt  be  reset  to  t^s  earliest 
possible  angle  P1H2I  whenever  ItH  latest  angle  P1U2F  has  been  reached. 


* 


If  Jx  -  0,  the  computation  la  terminated  for  PUll  <  P1111F  +  DDP1111 .  If  J1 
t  0,  and  therefore  J4  ■  L,  computation  is  terminated  when  PHIl  <  PHIlA 
+  DDPHI1,  In  the  above,  PHIlA  represents  the  starting  angle  of  mesh  1  In 
the  manner  of  equation  D-17.  (Card  no.  316). 
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The  appropriate  choice  of  moment  equation  depends  upon  which  of  the  four 
possible  combinations  of  contact  conditions,  as  indicated  by  table  H-2  (ref  E-l), 
is  applicable. 

The  following  discusses  the  kinematics  of  the  individual  meshaB  as  well 
as  the  determination  of  the  point  and  cycle  efficiencies  where  they  differ  from 
the  description  in  appendix  D. 

Kinematics.  The  program  only  utilises  the  kinematics  of  meshes  1  and 
2.  These  are  identical  with  those  for  the  revised  computer  program  CLOCKS,  as 
given  in  appendix  D. 

Moment  Computations,  Point  and  Cycle  Efficiencies.  Regardless  of  the 
combination  of  contact  conditions,  the  point  efficiency  is  computed  according  to 
equation  3  (ref  E-l),  i.e., 


c 

P 


M 


POINTEF  -  KRATI0 


o31 

'in 


where,  with  ■  -1 


(E-D 


kratio 


(E-2) 


The  cycle  efficiency  determination  is  based  on  equation  1-21  through  I- 
23  (ref  E-l). 

The  moment  computations  begin  with  the  statement  label  no.  24,  and  ini¬ 
tially  consist  of  the  determination  of  selected  variable*  between  All  and  A72  and 
selected  variables  between  C6  and  C36,  as  applicable  to  the  analyses  of  appendix 
H  (ref  E-l).  The  governing  contact  combination  (table  H-2,  ref  E-l)  Is  deter¬ 
mined  with  the  help  of  the  four  moment  control  statements,  which  start  with  card 
no.  508.  Once  the  appropriate  combination  is  established,  the  program  is  direct¬ 
ed  to  one  of  the  four  associated  moment  expressions.  These  expressions  for  M  jj 
coincide  with  those  given  by  equation  H-260,  11-261,  H-277  and  11-278  (ref  E-I). 
They  are  listed  in  the  above  order  beginning  with  statement  label  no.  25  and 
ending  with  statement  label  no.  28. 

The  rationale  of  the  control  statements  for  meshes  1  and  2  is  Identical 
to  that  given  for  revised  computer  program  CLOCK3  (appendix  D). 


Output 


The  output  of  the  program  is  best  explained  with  the  help  of  the  sample 
problem  at  the  end  of  the  program. 
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Input  Parameters  (see  fourth  and  fifth  seta  of  gear  data  of  appendix  C) 


Mesh  I 


CAPRP1 

m 

■L 

0.55000 

in. 

(1.397  < 

im) 

RP2 

m 

rp2 

■ 

0.08000 

in. 

(0.2032 

cm) 

AGG1 

m 

“G1 

■ 

0.54656 

in. 

(1.3883 

cm) 

ACPI 

m 

aPl 

m 

0.07998 

in. 

(0.2031 

cm) 

RH001 

m 

PG1 

m 

0.04322 

in. 

(0.1098 

cm) 

RH0P1 

m 

PP1 

m 

0.01400 

in. 

(0.0356 

cm) 

TGI 

m 

‘gi 

m 

0.03175 

in. 

(0.0806 

cm) 

TP1 

m 

tpl 

m 

0.02096 

in. 

(0.0532 

cm) 

NGl 

m 

"gi 

m 

55 

NP2 

m 

nP2 

m 

8 

Ho»h  2 

CAPRP2 

M 

^p2 

m 

0.39286 

in. 

(0.9978 

cm) 

RP3 

M 

rp3 

u 

0.05714 

in. 

(0.1451 

cm) 

ACG2 

m 

®G2 

m 

0.39040 

in. 

(0.9916 

cm) 

ACP2 

m 

aP2 

m 

0.05709 

in. 

(0.1450 

cm) 

RH0G2 

m 

PG2 

m 

0.03087 

in. 

(0.0784 

cm) 

RH0P2 

M 

PP2 

M 

0.01000 

m. 

(0.0254 

cm) 

TG2 

■ 

*"G2 

■ 

0,02268 

in. 

(0.0576 

cm) 

TP  2 

Hi 

tp2 

m 

0.01497 

in. 

(0.0380 

cm) 

NG2 

m 

°G2 

m 

55 

NP3 

m 

nP3 

m 

8 

PSUBD1  -  Pdl  -  50 
JI  -  0.90 


PSUBD2  -  Pd2  -  70 
J2  -  0.90 


\ 

)) 
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In  addition 


MU 

m 

0.2 

RPM 

m 

1000 

Ml 

m 

Oj  ■ 

0.12  x  10“3  lb-sec2 /in.  (2.101  x  10"2  kg) 

M2 

« 

«2  " 

0.253 

x  10"4  lb-aoc2/in.  (4.430  x  10"3  kg) 

M3 

M 

®3  " 

0.153 

x  10“5  lb-aec2/in.  (2.679  x  10“4  kg) 

R1 

m 

«• 

0.225 

in.  (0.572  cm) 

R2 

m 

^2  ■ 

0.497 

in.  (1.2624  cm) 

R3 

m 

6^2  ■ 

0.640 

in.  (1.6256  cm) 

RH01 

m 

Pi  - 

0.062 

in.  (0.157  cm) 

RH02 

m 

P2  " 

0.025 

in.  (0.064  cm) 

RH03 

m 

p3  ' 

0.018 

in.  (0.041  cm) 

MD 

m 

md2  - 

0.275 

x  10“5  lb-sec2~in.  (3.105  x  10"7  kg-m2) 

K 

m 

25 

Computed  Values 

At  the  beginning  of  the  output ,  one  finds  MIN  ■  M^n.  Subsequently!  the 
following  aro  listed  for  each  mesht 

t'p|,  the  length  of  the  pinion  flats 

6^,  the  fuse  body  pivot  to  pivot  line  angles 

and  the  transition  angles 

and  the  earliest  angles 

and  the  latest  angles 

finally!  for  the  full  range  of  the  input  angles  the  point 

efficiency  PQINTEF  is  listed,  in  addition  to  other  parameters  which  ere  useful 
for  checking  purposes.  Note  thst  DPSIl  and  DP8I2  represent  and  respec¬ 
tively.  The  cycle  efficiency  CYCLEPF  is  found  at  the  end  of  the  output. 
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Computer  program  CL0CK4  (cont) 
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Computer  program  CL0CK4  (cont) 
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Computer  program  CLOCK4  (cont) 
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